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A _ FLUORESCENT MINERAL TRACER TECHNIQUE TO DETERMINE 
FUNGICIDE PLACEMENT IN THE SOIL PROFILE 


F. R. Johnson! and A. M. Hillis? 


In recent years, a number of fungicides have been found to be effective in the control of 
certain soil-borne fungi attacking the roots and stems of plants. Since the problem is local 
in nature where row crops are concerned, soil applications of the appropriate fungicide may 
be confined to the seed furrow. Furrow application is also more economical. Although drench 
applications over the seeded row are sometimes effective, cotton and bean seedlings often re- 
quire chemical protection from the seed level to the soil surface. This requires the treatment 
of the seed furrow at planting time, between the furrow Opening and closing operations, in an 
attempt to treat all of the covering soil. 

Until recently, suitable spray and dust application equipment were not available for seed 
furrow treatment. Poor control of the damping-off diseases often resulted, in both chemical 
field tests and commercial trials, when existing equipment was not properly modified. Al- 
though the chemicals used were known to be effective under rigidly controlled conditions, the 
limitations of the application equipment prevented effective control of the causal organisms. 
Many failures could be attributed to improper placement of the fungicide. Inadequate soiltreat- 
ment did not protect the seedling in the critical root or stem zones. Soil which had not been 
properly treated remained a source of seedling infection. 

Workers investigating seedling diseases and chemical control have long been aware that 
soil fungicide placement in the seed furrow is a critical factor. They have recognized the im- 
portance of proper application of effective chemicals, particularly water-insoluble and rela- 
tively non-volatile materials, which often have the desirable characteristics of stability and 
good residual qualities but do not move in the soil. 

Radioactive tracers have been used by workers in various studies related to agriculture. 
Of particular interest to those working with soil is the employment of radioactive materials in 
fertilizer to evaluate placement or to measure plant nutrient uptake. Since radioactive tracers 
are not only rather expensive but hazardous to use and require special precautions, another 
tracer method was sought. After considering a number of chemicals and minerals of varying 
fluorescent properties, a synthetic mineral, zinc orthosilicate (willemite), was selected. It 
is relatively inexpensive, and fluoresces brightly at low concentrations with a minimum of 
ultra violet light. Under some soil conditions concentrations of 50 to 100 ppm fluoresce 
strongly enough for a cross-section of the soil profile to be photographed. 

Synthetic willemite at a 40% concentration in a fungicide dust was applied to the seed fur- 
row at a rate of 10 pounds per acre. Various furrow attachments were used singly and in 
combination to determine capacity for placing the fungicide in the zone required for control of 
cotton seedling damping-off. The synthetic willemite was also used with wettable powder fun- 
gicide sprays at the rate of 5 pounds per acre, for evaluation of fungicide placement by differ- 
ent nozzle arrangements and combinations. 

Cross-sections of the treated soil profiles exposed to ultra violet light were compared 
for proper location of the fungicide. On the basis of these comparisons, it has been possible 

.to recommend certain practices for utilization of effective soil fungicides and proper applica- 
tion equipment. 

The technique employing fluorescent mineral tracers may be expanded to include use with 
fertilizers, insecticides, and other soil chemicals, thereby offering a new method for deter- 
mining proper placement. 


OLIN MATHIESON CHEMICAL CORPORATION 


1 Market Development Representative (Pesticides), Olin Mathieson Chemical Corporation, 419 
Turner Terrace, San Mateo, California. 

2Market Development Representative (Pesticides), Olin Mathieson Chemical Corporation, P.O. 
Box 67, College Station, Texas. 
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CHISEL APPLICATION OF METHYL BROMIDE 
FOR ROOT-KNOT NEMATODE CONTROL 


S. A. Sher!, Ivan J. Thomason!, and R. L. McCaslin? 


Summary 


Injection of methyl bromide at 150 and 200 pounds per acre 
with a commercial chisel applicator gave good control of root-knot 
nematodes (Meloidogyne), and significant increases in yield. Similar 
results were obtained when the fumigant was confined, either with a 
tarp, or by rolling and sprinkling. 


Methyl bromide was first reported as a soil fumigant for control of nematodes by Taylor 
and McBeth (3). Many reports since then have shown that this material is an excellent nema- 
tocide. Because this compound is highly volatile it has been applied undiluted to the surface 
of the soil under tarps. An advantage of methyl bromide is that it penetrates undecayed roots 
more readily than other nematocides and kills nematodes within them (1, 2). It also has good 
herbicidal, fungicidal and bactericidal properties. This makes it possible to use this rela- 
tively expensive material on crops of high per-acre value. One disadvantage of methyl bro- 
mide fumigation has been the need for a gastight cover. This greatly increases costs and 
limits its usefulness for field fumigation. 

The following test was conducted to determine if root-knot nematode control could be ob- 
tained with a mixture of methyl bromide and petroleum3 applied with a commercial soil fumi- 
gant applicator without tarps to cover the soil. 

This test was conducted at San Jacinto, California, on land planted to sweet basil (Ocimum 
basilicum) in 1956. The basil was infected with the root-knot nematode Meloidogyne incog- 
nita acrita. 

An area 36 feet by 1200 feet was used in this test and laid out in a 6 by 6 latin square. 
Plots were 6 feet by 200 feet, and the following treatments were applied: A, 200 pounds per 
acre4; B, 100 pounds per acre; C, 150 pounds per acre; D, 200 pounds per acre; E, 150 
pounds per acre; and F, no treatment. 

Plots A, B, and C were covered with a polyethylene tarp (1.5 mils thick) after treatment, 
and Plots D, E, and F were rolled with a roller (5 feet long by 30 inches high, filled with 
water) and sprinkled with approximately 1 inch of water. 

Weedfume in a closed, pressurized system was injected into the soil at a depth of 8 inches 
with a commercial chisel applicator on April 2, 1957. Four chisels 18 inches apart were 
used. The sandy soil (sand 89.4 percent, silt 6.7 percent, clay 3.9 percent) had a moisture 
percentage of 8 percent at time of treatment, and a temperature of 14°C at depth of 8 inches. 
Moisture retentions at 1/10 bar suction were 7.2 percent by weight, and at 1/3 bar suction, 4.4 
percent. Sweet basil was seeded 1 week after treatment. 

Six weeks after treatment three soil samples from the 0- to 1-foot, 1- to 2-foot, and 2- 
to 3-foot depths were taken from each plot. Soil samples from each depth from the same plot 
were composited and planted to a tomato seedling in the greenhouse. Tomato roots were ex- 
amined after 8 weeks for root-knot galls. 

Six months after treatment ten plants from each plot were dug and rated for nematode 
galling. Yield was taken from 20-feet of row in each plot and its green weight recorded. 
Three previous cuttings had been made from this field. 


l assistant Nematologist, Department of Plant Nematology, Citrus Experiment Station, River- 
side, California. 
Entomologist, NeilA. MacleanCompany, Los Angeles, California. 


3Weedfume (approximately 70% methyl bromide and 30% petroleum) supplied by Neil A. McleanCo. 
4 actual methyl bromide. 
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RESULTS 


Tomato seedlings growing in soil taken 6 weeks after treatment showed no nematode gall- 
ing in any of the treated plots at all depths sampled. Root-knot nematodes occurred at a depth 
of 0 to 1 foot in all six replicates of the untreated plots as indicated by galling on tomato roots. 
Root-knot nematodes were recovered from three replicates at the 1- to 2-foot depth and in 
two replicates at the 2- to 3-foot depth. 

Root galling indexes and yields taken 6 months after treatment are shown in Table 1. 


Table 1. Nematode index and yield of sweet basil on methyl bromide 
fumigated soil. 


Treatment Method of Seal Yield b 
Methyl bromide 200 Rolled sprinkled 0.07" 299 
Methyl bromide 150 Rolled sprinkled 2h 
Methyl bromide 200 Tarped 
Methyl bromide 150 Tarped 0.03% 25 
Methyl bromide 100 Tarped 0.3 20.6 

Untreated -- oa 303 12.5 


20 = Roots clean; 1 = 1-25 percent of roots galled; 2 = 26-50 percent of roots 
galled; 3 = 51-75 percent of roots galled; 4 = 76-100 percent of roots galled. 


bGreen weight in pounds from 20 feet of row in each plot. 


* Significant at 5% level. 
** Significant at 1% level. 


Weed control was reported by the grower, but evaluation of the herbicidal effects of this 
treatment were not made in this test. 


DISCUSSION 


Rolling and sprinkling the soil after injection of methyl bromide gave just as effective 
root-knot nematode control as did using a tarp to prevent escape of this fumigant. The high 
level of nematode control obtained by the two methods of application is reflected in the simi- 
lar yield increases. If tarps are not used, the cost of treating with methyl bromide is re- 
duced considerably and field application becomes more practical. However, the cost is still 
relatively high and must be offset by such factors as weed control. Whether weed control 
can be obtained without using a tarp, or other gastight seal, is not known. 

Factors that still need investigation are lowest dosage that can be used for nematode 
control, and whether rolling and sprinkling this soil are necessary. Recent tests with chlor- 
opicrin showed that compacting the surface of moist soil with a roller was just as effective 
as sprinkling in controlling the Verticillium wilt fungus (4). 
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SPECIFICATIONS FOR IDEAL NEMATOCIDES 


John P. Hollis 
Abstract 


Physical specifications for ideal nematocides have beenderived 
from the principle of plant protection and the characteristics and 
behavior of one of the halogenated hydrocarbon nematocides - 1,2- 
dibromo-3-chloropropane (DBCP). A detailed analysis was made of 
the comparative action of DBCP and several other halogenated hydro- 
carbon nematocides in field experiments conducted in Louisiana in 
1955-57. Nematocidal action of these materials has been interpreted 
largely in terms of their relative vapor pressures. An ideal nema- 
tocide will confer protection to crop plants for prolonged periods 
(4 months to 3 years). It will possess a high proportion of active 
ingredients and effectiveness against plant parasitic nematodes at 
dosage levels of 10 to 60 pounds per acre on a blanket application 
basis. The active ingredients will move independently of the water 
phase in the soil at vapor pressures in the range of 0.5 to 5 mm Hg 
at 30°C. Water solubility must be low, but can be somewhat higher 
perhaps than the range of 0.09 to 0. 41 percent for the halogenated 
hydrocarbon nematocides. The ideal nematocide must possess re- 
quisite characteristics of nonphytotoxicity and low mammalian toxicity 
and be free from the residual properties which might render food 
crops unfit for consumption. Ideal nematocide A will confer pro- 
longed protection to crop plants by a complete kill of nematodes in 
all morphological stages. In addition to possessing the physical 
characteristics enumerated, it should be chemically stable or possess 
a relatively long chemical half-life (60 to 90 days) in arable soils of 
tropical and subtropical regions. Alternatively, ideal nematocide A 
may kill nematodes by the action of its chemical-breakdown products. 
The interests of efficiency will be served best in this case if the 
material possesses a half-life of less than 2 weeks. Prolonged pro- 
tection of crop plants may be achieved by a partial kill of nematodes, 
possibly confined to the nemic stages, provided the material is per- 
sistent in the soil. For this purpose, ideal nematocide B will have a 
chemical half-life of 30 to 90 days in arable soils of tropical and sub- 
tropical regions, decomposing to produce active nematocidal products, 
which will possess the physical properties of ideal nematocide A. 


The role of nematodes in the economy of root diseases of plants is of increasing interest 
in agricultural circles. During the past 10 years this interest has been expanding in con- 
centric fashion from academic studies in taxonomy and morphology to practical studies of 
nematode activities and their chemical control. Much has been learned of the importance of 
nematodes in the etiology of root diseases by the application of halogenated hydrocarbon nema- 
tocides in replicated field experiments. The proof of nematode involvement in root diseases 
by basing experimental designs on accepted postulates has had more limited success. How- 
ever, there is sufficient evidence from these two sources to justify large scale efforts aimed 
at control of nematodes in agricultural crops. Such efforts are being made by commercial 
interests to develop more effective chemicals for nematode control. 

During the past 3 years, approximately 60 replicated field fumigation experiments have 
been conducted in Louisiana to discover possible losses caused by plant parasitic nematodes 
in important crops. A typical experimental design included treatments with Dowfume MC-2 
(a chemical which kills virtually all soil microorganisms) and D-D, Dowfume W-85 and Nema- 
gon (DBCP), which are known to be largely nematocidal in action. An interesting by-product 
of this work has been astudy of the comparative action of these and similar materials on popu- 
lations of several plant parasitic nematode species distributed widely in different soils and 
crop regions of Louisiana. 
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Effective characteristics of the halogenated hydrocarbon nematocides include sufficient 
volatility for independent movement in the soil, and minimal water solubility which is never- 
theless sufficient for toxic action against nematodes and other susceptible hydrophilous organ- 
isms. Ineffective characteristics are primarily high cost, phytotoxicity, and a lack of both 
complete killing action and persistence which permits the recovery of nematode populations to 
original or higher levels 3 to 4 months after treatment. Since planting can be done soon after 
application, this protection period is sufficient for crops with a life of 3 to 4 months. The 
materials can be applied economically to land planted to short-term crops under the well- 
known formula of 1:4:16 for cost, return, and crop value, respectively, where the crop value 
per acre ranges upward from 200 dollars. 

For long-term crops such as sugarcane and bananas and for relatively short-term crops, 
where applications could be made best in the Fall or Winter, there is need for a nematocide 
that will confer protection for periods ranging from 4 months to 3 years. Two courses are 
open to the individual investigator at present for exploring the effects of lasting nematocidal 
action on the growth of crops. These are (a) repeated applications of DBCP which, with few 
exceptions, is the least phytotoxic of the halogenated hydrocarbon nematocides, and (b) speci- 
fication of a new material, based on the physical properties of a halogenated hydrocarbon 
model (DBCP). 

What justification, if any, is there for the specification of an ideal nematocide derived 
from a model? A rational theoretical approach in chemical biology has yielded anything but 
spectacular results. A random empirical approach has resulted in such discoveries as Bor- 
deaux Mixture, DDT, and penicillin, to name only a few. The sole example known to the 
author of success by rational methods involved the development of ethyl hexanediol as an in- 
sect repellent. Although the odds would seem to be stacked against a straight rational approach 
to the problem, it is this writer's contention that rational methods are necessary for the organ- 
ization, advancement, and even discovery of scientific knowledge and that they will contribute 
to the solution of specific problems if they are rational from an empirical viewpoint. As is 
well known, scientific methods have developed from two main currents of thought. The ration- 
al approach emanated primarily from Euclid and was perpetuated by the writings of Aristotle. 
Empiricism had its origin at a much later date in the observations of Roger Bacon and the 
philosophical writings of Locke and Mill. 

Rationality from an empirical point of view presupposes possession of all essential facts. 
We have no real knowledge of the action of penicillin on cells because sufficient knowledge of 
cells is not yet available. In the present paper, the available knowledge can be put together 
rationally in an area restricted to certain well-known ecological principles which have re- 
mained unaltered for considerable periods of time. Exclusion of unknown areas, where new 
empirical knowledge is most likely to arise, strengthens a rational scheme and contributes to 
the likelihood of its success. If it fails to predict future events, a useful purpose will have 
been served in defining unknown areas and in classifying new empirical facts which arise. 
These arguments for a rational approach within the framework of empiricism! are advanced 
as justification for this paper. 

Abstracts of the experimental work have appeared (14, 16) and the detailed aspects of 
nematode population behavior in soil fumigation experiments have been published (15). The 
pressing need for an effective nematocide in Louisiana agriculture and the requests of chemi- 
cal company representatives for additional information on the performance of nematocides 
prompted a detailed study of field plot results. An outline of experimental methods and pub- 
lished results (14, 16, 17) will be presented to show the origin of ideas and to facilitate their 
discussion. 


1 The author is not caught in the web ofhis ownlogic. Rationalism inthe formal historical sense has 
become extinct and the present philosophy of scientific method has been distilled from a mixture of 
empiricism with developments and applications of the mathematical theory of probability. Con- 
temporary empiricists maintain that all knowledge is "probable" and that ''probable" knowledge is 
the only kind of knowledge we candiscover andapply. Inthis paper, the terms rational and empiri- 
cal are used intheir contemporary sense inorder to contrast opposing points of view. The rational 
scheme presented here is simply a working hypothesis. Current screening procedures for nema- 
tocides appear to be nonrational, i. e., conducted without the benefit ofhypothesis. Actually this is 
not quite the case. Ascreening method, no matter how extensive and random, is nevertheless 
based on the rational idea that the probability of success is verylow. The quantity of knowledge ina 
given area determines the degree of rationality that can be applied and this is proportional insome 
sense to the probability of success. The advantage of a comprehensive rational scheme lies in 
economy of empirical effort directed toward tests of its tenability. 
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EXPERIMENTAL METHODS 


The design of experiments2 was a randomized block or latin square with four or five 
treatments including a nonfumigated control. Physical characteristics of the halogenated 
hydrocarbon nematocides used for establishing treatment differences are listed in Table 1. 

Methods of field plot sampling, laboratory extraction and counting of nematodes, and 
analysis of data have been published (15). 


Table 1. Physical characteristics? of halogenated hydrocarbon soil nematocides. 


: Water: Vapor 
: : Molecular : Specific : solubility : pressure 
Material : Ingredients : weight : gravity : percent : mm Hg 
Dowfume 
MC-2 
bromomethane 10 
trichloronitromethane 94, 95 1.76 0.09 1627.625, 1824. 030 
D-D 1. 20 0. 28 29, 921-1 . 
1,3-dichloropropene 111. 98 65.029 
1,2-dichloropropane 112. 99 66. 02° 
Dowfume 25 
W-85 1,73 0.41 7 
1,2-dibromoethane 187. 90 18, 030 
Nemagon 2.08 0.10 0.821-1 1,530 
1,2-dibromo-3- 
chloropropane 236.36 


aSpecific gravity and water solubility data are given for room temperatures. Superscripts 
indicate temperature in degrees Centigrade. Vapor pressures at 30° C are from graphical 
interpolation of data presented by Stull (31) and Fletcher (7), with the exception of 1,2-dibromo- 
3-chloropropane which was estimated by extrapolation. Other vapor pressure data and those 
for water solubility and specific gravity were supplied by C. W. McBeth (22) for D-D and 
Nemagon, and by H. A. Nation (24) for bromomethane and 1,2-dibromoethane. 


EXPERIMENTAL RESULTS 


A sample of data showing the reactions of five genera of plant parasitic nematodes to 
D-D is given in Table 2. In Table 3 the genera are ranked according to their relative reac- 
tions, andcalculations at the bottom of this table show the average percentage reduction in 
populations on a relative basis throughout the growing season. In order to summarize these 
results in terms of percentage relative recovery of populations for all materials (Table 4), 
each value was subtracted from 100. The genera fall into three well-defined categories in 


“Treatments were established with the following materials. D-D is a 97% mixture of 1,3-dichloro- 
propene and 1,2-dichloropropane, and 3% lighter and heavier saturated and unsaturated hydrocar- 
bons. It contains a minimum of 50% by weight of the 1,3-dichloropropene fraction and weighs 10. 00 
pounds per gallon. Nemagon (DBCP) is 97% 1,2-dibromo-3-chloropropane and 3% other halogen- 
ated C3 compounds and weighs 17. 30 pounds per gallon. Dowfume W-85 is a mixture of 83% 1,2-di- 
bromoethane and 17% of a naphtha thinner and weighs 14. 46 pounds per gallon. Dowfume MC-2is 
98% bromomethane and 2% trichloronitromethane dispensed in 1-poundcans. Additional data on 
the characteristics of these materials are summarized in Table 1. 

Experiments were conducted in cooperation with Louisiana Agricultural Branch Experiment 
Stations at Homer, Curtis, Crowley, Winnsboro, St. Joseph, DeRidder, Calhoun, Port Sulfur, and 
Baton Rouge and at the U.S. Department of Agriculture Pecan field stationat Robson. Citrus ex- 
periments are in progress at Magnolia Plantation in cooperation with Ralph Lally anda rice experi- 
ment was conducted at Ragley in cooperation with W. H. Habetz. 
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FIGURE 1. Relation of fumigant vapor pressures 
at 20° to 25° C to the population recovery of different 
genera of plant parasitic nematodes following fumigation. 
Generic designations are Tylenchorhynchus (TYR), 
Pratylenchus (P), Psilenchus (PS), Tylenchus (TY), and 
Trichodorus (T). 


relative recovery from all materials: (a) strong -- Trichodorus, Tylenchus and Psilenchus; 
(b) moderately weak -- Pratylenchus; and (c) weak -- Tylenchorhynchus. One further point 
is noteworthy. Weak and moderately weak genera exhibit progressively less recovery as we 
proceed down the vapor pressure scale from Dowfume MC-2 to Nemagon (DBCP). Graphical 
display of these results in Figure 1 shows this relationship between vapor pressure and rela- 
tive recovery of Tylenchorhynchus and Pratylenchus. Recovery of the strong nematodes 
appears unrelated to vapor pressure differences. 

These results demonstrate, with a variety of nematodes and soil types, a clear-cut in- 
verse correlation between vapor pressure and prolonged nematocidal effectiveness. The 
relative efficiencies of these materials in both killing and suppressing nematode populations 
are classifiable in terms of relative vapor pressures. This information combined with (a) 
additional physical data on the halogenated hydrocarbon nematocides (Table 1), (b) limited 
data on physical properties and action of certain other nematocides, and (c) certain differen- 
tial effects on nematodes of the halogenated hydrocarbons reported in the literature and ob- 
served in Louisiana, produces a unified pattern of soil-nematode-fumigant relations which 
can be analyzed. 
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Table 2. Sample of data showing reactions of 5 genera® of plant parasitic 
nematodes to D-D. 


Percent reduction” in populations (all samplings) 


Exp. Samples TYR P T PS TY 
1 12 100 99 -650 -- 88 
2 16 100 - 100 35 43 36 
3 18 oe 77 77 52 Sa 
4 16 100 95 -59 
5 16 78 82 52 -< 60 
b 10 - 82 -- -- -- 28 
7 16 79 33 -81 84 42 
8 12 - 18 42 37 20 73 
9 20 72 49 -- -- 100 

11 20 75 76 

12 15 55 -17 -62 

13 16 52 55 

15 16 --- 46 90 9 --2 


*The generic names are abbreviated as follows: Tylenchorhynchus (TYR) 
Pratylenchus (P), Trichodorus (T), Psilenchus (PS) and Tylenchus (TY). 
bA negative (-) percent reduction indicates a percent increase in the 
population. 
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Table 3. Method of evaluating data on the relative reaction of plant 
parasitic nematodes@ to D-D. 


Relative reaction 


Exp. TYR PS 4 

1 + 3 1 2 

2 5 1 2 4 3 

3 4 3 1 2 

4 3 2 1 

5 3 4 1 2 

6 1 2 

a 4 2 1 5 3 

8 1 4 3 2 5 

9 2 1 3 
10 
ll 1 2 
12 3 2 1 
13 l 2 
14 
15 3 4 2 1 
Totals 27 24 16 19 26 
Comparisons 10 9 8 8 ll 
Mean 2.70 2.67 2.00 2.38 2.36 
Highest possible 
mean (HPM) 3.60 4.11 4.25 3.75 3.64 
M/HPM in 
percent 75.00 64.96 47.06 63.47 63.27 


@The generic names are abbreviated as follows: Tylenchorhynchus (TYR), 
Pratylenchus (P), Trichodorus (T), Psilenchus (PS) and Tylenchus (TY). 
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Table 4. Relative population recovery of five genera of plant parasitic 
nematodes following fumigation in relation to different soil fumi- 
gants. (Complete relative recovery = 100 percent). 


Dowfume Dowfume 

Nematode MC -2 D-D W-85 Nemagon Mean Reaction 

TYR 40.00 25.00 9.87 5.66 20.13 Weak 

Pp 43.75 35.04 46.62 13.05 34.62 Moderately 
weak 

¥ 53.81 52.94 51.88 54.25 53.22 Strong 

PS 46.50 36.53 47.88 52.94 45.96 Strong 

TY 57.14 36. 73 44.18 57.14 48.80 Strong 


8Nematode populations were: TYR - Tylenchorhynchus acutus + T. latus, 
P - Pratylenchus zeae and P. spp., T, PS and TY - Trichodorus, 
Psilenchus and Tylenchus species, respectively. 


There is excellent agreement between the primary data reported above and results se- 
cured elsewhere from soil fumigation experiments summarized in Table 5 (10, 13, 26). 
These latter data demonstrate the superior action of 1,2-dibromoethane formulations of low 
vapor pressure in suppressing the recovery of weak nematodes. The high vapor pressure 
D-D was more effective in suppressing moderately weak species of Pratylenchus. 

The influence of relative vapor pressure on fumigant action against weak nematodes was 
demonstrated in corn and soybean experiments at Curtis in 1955 (Table 6). D-D was effec- 
tive in early kill of nematodes, whereas Dowfume W-85 was ineffective until approximately 
6 weeks after treatment. It was more effective than D-D at the last sampling, however, and 
relative effectiveness in both experiments appears to be simply a matter of timing of appli- 
cations. Initial results would have been similar if Dowfume W-85 had been applied 2 to 4 
weeks earlier than D-D. 

The genesis of differential effects of soil fumigants on nematodes due to nematode, 
nematocide, and soil texture differences has been reported by several workers (2, 6, 10, 13, 
15, 16, 20, 26, 27) and a few intensive studies of these relations have been made (1, 9, 15). 
A summary of results from the Louisiana experiments is given in Table 7. Under the con- 
ditions encountered, the relative effectiveness of D-D and Dowfume W-85 for control of 
Pratylenchus zeae Graham 1951 in corn can be attributed to soil texture differences. It is 
interesting to note that the action of Nemagon (DBCP) against suspected plant parasitic nema- 
todes was not modified by differences in soil texture. Ineffectiveness of Nemagon (DBCP) 
against these nematodes is directly attributable to its low vapor pressure which results in 
its nondistribution in the soil at a time when populations of Tylenchus spp. and Psilenchus 
spp. are high. By the time its vapor has become generally distributed throughout the soil 
spaces, nematode populations have declined for other reasons. In this way the nematodes 
apparently escape the action of the fumigant (15). 

Other aspects of fumigant effectiveness are shown in Table 8. Constancy percentages 
(percentage of occurrence of a nematode genus or species in a set of samples) were com- 
piled as a check on the numerical data and in order to include data on Ditylenchus inter- 
medius (deMan 1880) Filipjev 1936, which occurred in extremely small numbers. Dowfume 
MC -2 was the most effective material, probably because it eliminated virtually all micro- 
organisms in the soil including a high proportion of nematode eggs. Relative effectiveness 
of Nemagon (DBCP), Dowfume W-85, and D-D was related inversely to their vapor pres- 
sures. The boxed data in the lower right of the table again show Nemagon (DBCP) to be 
relatively ineffective against the suspected plant parasites. 
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Table 5. Recently reported nematode-soil fumigant differential effects. 


Author Year Fumigant Action Nematodes Recovery 
Graham and 1953 Dowfume Strong Belonolaimus gracilis Weak 
Holdeman Ww -40 Mod. strong Pratylenchus spp. Mod. weak 
Holdeman 1956 Dowfume Strong Belonolaimus gracilis Weak 
w-85 
D-D Weak Belonolaimus gracilis Strong 
Nusbaum 1955 1,2-dibromo- Strong Tylenchorhynchus claytoni Weak 


ethane preps. 


D-D Mod. strong Pratylenchus spp. Mod. weak 


Table 6. Differential effect of fumigants on populations of Tylenchorhynchus 
acutus and T. latus in corn and soybean fumigation experiments at 
Curtis in 1955. 


Average numbers per 1/7 pint soil® 


Crop Sampling Check D-D Dowfume W-85 
Corn 1 82 a 73 
y 4 15 2 2 
3 44 25 4 
Total 141 31 79 
Soybeans 1 10 2 19 
2 4 0 1 
3 12 0 0 
4 1 0 0 
5 45 9 2 
Total 72 ll 22 


“Sampling and treatment differences were highly significant at P = 0.01 in 
both experiments. 
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Table 7. Louisiana nematode-soil fumigant differential effects generated 
by differences in soil texture. 


Moisture 
Soil equivalent 
texture (per cent) Nematode Fumigant Effect 
Light 16 Pratylenchus zeae D-D Strong 
Pratylenchus zeae Dowfume W-85 Weak 
Very light 6 Pratylenchus zeae D-D Weak 
Pratylenchus zeae Dowfume W -85 Strong 
All soil types Tylenchus spp. Nemagon Weak 
Psilenchus spp. Nemagon Weak 


Table 8. Constancy percentages* of common nematode generaD by treat- 
ment in combined samplings of 15 fumigation experiments. 


Treatment TYR TY PS DY Mean 
Check 54.1 33.7 55.2 21.4 22.6 6.5 32.3 
Dowfume MC-2 18.3 12.5 28.3 5.0 5.2 5.7 12.5 
D-D 33. 1 22.4 40.1 19.0 12.4 7.8 22.5 
Dowfume W-85 26.7 18.3 36.3 14.0 10.1 3.7 18,2 
Nemagon 21.8 8.3 17.7 


12.8 24.6 13.4 


4Constancy percentage is the frequency of occurrence of a genus or species 
of nematode ina set of samples from the different treatments, 
bThe generic names are abbreviated as follows: Pratylenchus (P), 
Trichodorus (T), Tylenchorhynchus (TYR), Tylenchus (TY), Psilenchus 


(PS) and Ditylenchus (DY). 
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In toto, the foregoing data demonstrate that the action of the halogenated hydrocarbon 
nematocides, in a comparative sense, is explicable in terms of their relative vapor pressures. 
As a group, these materials are nonpersistent in the soil and kill nematodes during a short 
period of time, before they diffuse out of the soil. This temporary action is suggested again 
by statistical analyses of results in 15 experiments (14). All analyses of data (100 percent) 
showed significant initial reductions in populations of plant parasitic nematodes. By contrast, 
only 55.4 percent of the analyses showed significant population reductions by fumigants during 
the entire crop season. 


ACTION OF DBCP 


Since Carter's (4) demonstration of the efficacy of D-D against nematodes, the most im- 
portant nematocide discovery has been that of 1,2-dibromo-3-chloropropane (DBCP) by 
McBeth and Bergeson (23). This material is referred to variously as OS 1897, Nemagon, and 
Fumazone, but will be called simply DBCP hereafter in this paper. The action of this materi- 
al in the Louisiana experiments has been of prime importance for demonstration of the in- 
verse relation between vapor pressure and persistence. In general, the slight degree of per- 
sistence which the halogenated hydrocarbon nematocides may be conceived to possess is re- 
lated to their rates of diffusion through the soil, as determined by their vapor pressures. 
DBCP required 2 weeks to diffuse 5 to 6 inches vertically and horizontally from injection 
points in a sandy loam soil (18). The exact periods of time after application during which 
DBCP persists in soils at concentrations lethal to nematodes, have not been and probably can- 
not be calculated from the Louisiana data. However, these data indicate a minimum estimate 
of 1 to 2 months for persistent action past the time when D-D has lost effectiveness. The 
degree of sustained protection by DBCP during crop growth was modified in degree only by 
soil type, and was reflected in all experiments. E. J. Wehunt (34) has extensive data on 
DBCP persistence against nematodes in white clover which will permit precise calculations 
of this effect. These results will be published independently at a later date. 

The discovery and evaluation of DBCP has pointed up the principle of protection in nema- 
tode disease control. Physical characteristics, behavior in soil, and nematocidal effective- 
ness of DBCP confer upon it the role of a primary model for the development of nematocides 
with improved nematocidal action. 


THE PRINCIPLE OF PROTECTION IN NEMATODE CONTROL 


The term protection, as used in plant pathology, refers to a principle, not a mechanism, 
of action. In a broad sense, nematode control by nematocides comprises only two basic prin- 
ciples -- protection and therapy, as elucidated by Horsfall (17) for the control of fungi by 
fungicides. Partial protection for short periods of 3 to 4 months may be conferred by the 
halogenated hydrocarbon nematocides. The terms control or eradication of nematodes are 
often used in this sense. The historical connotations of the word eradication are various, but 
in the sense used here cannot be confused with therapy because the chemical action is exerted 
against nematodes in the absence of plants. The protection conferred by or resulting from 
eradication (severe reductions in nematode populations) is an advance protection based on a 
reduction of plant parasitic nematode populations prior to planting of the crop. Thenematode 
populations remain in this reduced condition for a time, permitting the crop plants to estab- 
lish root systems. Plants in soil treated with a halogenated hydrocarbon nematocide encoun- 
ter an ever-increasing nematode population against which there is no coincident protection. 


PROTECTION WITH IDEAL NEMATOCIDES 


Protection for prolonged periods may be conferred by complete control or eradication of 
nematodes in all stages, as obtained with suitable dosages of Dowfume MC-2 prior to planting 
of the crop. Return of nematodes to soil treated in this manner will come only from intro- 
duction with plants or contaminated water or soil, or from movement of nematodes up from 
lower untreated levels of the soil. There is abundant circumstantial evidence to indicate that 
failure of the halogenated hydrocarbon nematocides to achieve complete control of nematodes 
is due largely to resistance of the egg stages. Limited interpretative work in this area indi- 
cates some of the possible difficulties. Jacobs and Jones (19) performed histochemical tests 
on pinworm eggs and demonstrated the presence of an outer membrane of protein, a middle 
chitinous membrane, and an inner lipoidal membrane. They concluded that an effective 
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ovicide must dissolve both proteins and lipoids in order to reach the embryo. A nematocide 
with complete killing action against nematodes in all morphological stages is desirable, be- 
cause of its simplicity of action, and because its lack of persistence in the soil would elimi- 
nate theproblems created by the presence of chemical residues. Our absence of knowledge 
creates such a void in this area that the difficulties experienced or anticipated thus far can be 
discounted. The search for a nonpersistent material, patterned after DBCP, which will 
achieve a complete kill of nematodes in all stages, offers a fertile field for concentrated 
empirical effort, 

Prolonged protection of crop plants may be conferred by a nematocide with partial killing 
action, provided the material is persistent in the soil. Action of this material could be con- 
fined to the nematode stage and, by virtue of its persistence, kill the organism when it 
emerges from the egg. Again, specifications for such a material would be derived in part 
from our knowledge of DBCP. 

There is no published information on the rate of physical breakdown of DBCP. At one 
gallon (17.3 pounds) per acre application in a sandy loam soil, a physical (liquid) half-life of 
less than 2 weeks is indicated on the basis of the rate of diffusion of DBCP at 21° C (18). A 
consideration of crop season lengths with interrelated physical properties of quantity and 
vapor pressure suggests that a half-life of 30 to 90 days might be desirable for this type of 
ideal nematocide. Experience with DBCP indicates that a material decomposing physically 
at a half-life rate of 30 to 90 days would not possess a sufficiently high vapor pressure to 
diffuse through the soil in any reasonable length of time, hence a material must be sought 
which breaks down chemically to liberate an active product or products of desired vapor 
pressure. 

Compounds that have been investigated for rates of chemical decomposition in soil are 
Diamond Alkali Company's PRD (3,4-dichlorotetrahydrothiophene-1,1-dioxide) (28) and Car- 
bide and Carbon Chemical Company's Mylone (3,5-dimethyltetrahydro-1,3-5,2H thiadiazine- 
2-thione) (3). The rate of breakdown of PRD was shown to be dependent on moisture, tem- 
perature, pH, and concentration. In moist soil in a closed jar at an initial concentration of 
100 micrograms per gram of soil, it had a half-life at pH 6.5 of 20 days at 32° C. 

Apparently PRD decomposition in the soil is a first order reaction because it is concen- 
tration dependent. The rate of reaction may be viewed in terms of the velocity constant k in 
the equation: 


dx _ 
at = k (a - x) 
and 
2. 303 a 
k = t ee 


where x is the amount reacting in time t and a-x is the amount remaining after time t. A 
velocity constant calculated for a half-life of 90 days is k = 0.0077. In this instance the 
material is decomposing at the rate of 0.77 percent per day. If 40 pounds of nematocide are 
applied per acre, 0.31 pounds will have decomposed at the end of the first day. At the end of 
10 days, 2.98 pounds will have decomposed. Quantity and half-life of the parent material, 
and vapor pressure and molecular weight of the active product, as they condition its rate of 
diffusion in the soil, are interlocked variables which will determine the fate of candidate 
nematocides of this type. 


DEFINITION OF IDEAL NEMATOCIDES 


Two types of nematocides which may confer prolonged protection to crop plants have been 
set forth in the preceding section. For convenience, these will be called ideal nematocides 
A and B (INA, INB). Both materials possess certain common physical attributes which will 
be discussed at some length in a later section. 

INA is nonpersistent and may effect complete kill of nematodes in all stages by the action 
of the parent ingredients. These ingredients will be chemically stable, or at least they will 
possess long half-lives and .we breakdown permitting diffusion through the soil will be strictly 
physical, as in DBCP. Alternatively, the action may derive from breakdown products. In 
this case, the rate of chemical breakdown should exceed the rate of physical breakdown, in 
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order not to impede diffusion in the soil. On the basis of a DBCP model, chemical half-life 
probably should be less than 2 weeks. The products of this material must possess the physi- 
cal characteristics of the parent ingredients of the other INA subtype. INA may be a com- 
bination of the two subtypes. 

INB achieves only a partial control of nematodes, probably eliminating only the nemic 
stages and protecting crop plants for a prolonged period by virtue of persistence. Its activity 
is held in abeyance in the soil and it will decompose chemically at a slow rate to liberate prod- 
ucts which are active against nematodes. These products must possess low vapor pressures 
and other physical characteristics of INA in order to effect a desirable degree of persistence. 


THEORETICAL EFFICIENCY OF HALOGENATED HYDROCARBON NEMATOCIDES 


Quantity, half-life and rate of diffusion of ideal nematocides in soil merit special atten- 
tion. These relations can be assessed to some extent by determining the theoretical efficiency 
of the common halogenated hydrocarbon nematocides. The gas saturation method is accurate 
and convenient for determining the vapor pressure of a liquid (8). A current of air is bubbled 
through a weighed amount of the liquid whose vapor pressure is to be determined. The liquid 
is maintained at constant temperature and its loss in weight is observed. In passing through 
the saturating vessel the air absorbs an amount of vapor directly proportional to the vapor 
pressure of the liquid. If the vapor pressure is known the quantity of liquid required to satur- 
ate a given volume of air can be calculated. There are 43,560 cubic feet of soil in an acre 
application volume of a material. Lyon and Buckman (21) report 20 percent air space and 30 
percent water space in an average soil. For DBCP with water solubility 0.1 percent: 


43,560 x 0. 20 = 8,712 cubic feet of air. 


43,560 x 0.30 x 0.001 = 13.068 cubic feet of air equivalent for vapor 
saturation of water space. 


8,712 + 13 = 8,725 cubic feet in acre of soil for DBCP at vapor 
saturation. 


For accurate calculation at higher vapor pressures, allowance must be made for the fact 
that the total volume of the gases is increased by the introduction of the vapor so that the 
volume r through which the vapor molecules are distributed is 


where r' is the volume of the soil air before saturation, P is the barometric pressure and p 
is the vapor pressure of the nematocide. The quantity of each nematocide required to satur- 
ate an acre of soil with vapor is calculated from the ideal gas laws by 


p= gRT (1+ gRT ) 
Mr' Mr'p 


Solved for g the equation becomes 


& RT (P-p) 


The data are summarized in Table 9. The dosages per acre are scaled at comparable 
levels of nematode control for the different materials. Dowfume MC-2 is a special case 
since 2,075 pounds would be required at 30° C to saturate the space in an acre of soil toa 
depth of 1 foot with vapor at a tension of 1,824 mm Hg. Since only 435. 6 pounds are recom- 
mended under average conditions for nematode control, the efficiency is 476. 4 percent. 
These results, although interesting, are not comparable with the other data because of the 
use of plastic covers with Dowfume MC-2. Plastic covers should also raise the efficiency of 
the conventional nematocides. The basic reason for the greater efficiency of Dowfume W-85 
over D-D is probably the greater inherent toxicity for nematodes of bromine over chlorine, 
although other factors such as molecular weight may be involved. 
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Table 9. Theoretical efficiency of halogenated hydrocarbon nematocides. 


Quantity applied : Theoretical quantity : 


per acre : for vapor : Percent 

Material : gallons : pounds :_ saturation (pounds) : efficiency@ 
D-D 25 250.0 233.9 93.6 
Dowfume W-85 6 86.8 101.5 116.9 
DBCP 1 17.3 10.2 59.0 
Dowfume MC-2> -- 435.6 2075.0 476.4 


®Efficiency is calculated as the quantity required for saturation of all 
space in an acre of soil to a depth of 1 foot with vapor in terms of the 
quantity usually applied in blanket applications for nematode control. 
bSee text. 


The vapor pressure of a confined liquid or solid is independent of the amount of material 
involved. In the soil, however, a gradient exists owing to the escape of vapor. The high 
efficiencies of D-D and Dowfume W-85 suggest that very little loss of vapor from the soil 
takes place during the period of treatment and that effective vapor tensions are attained inthe 
soil with recommended dosages. The lower efficiency of DBCP (59 percent) indicates some 
of this material becomes lost from the soil surface while it is diffusing through the soil and 
that an application of 10.2 pounds per acre will not result in vapor saturation unless the soil 
surface is sealed to some extent. Smith (30), in plotting crop responses to varying dosages 
of DBCP, has observed that increments of response become less as dosages rise above theo- 
retical levels. These observations suggest that dosage requirements of DBCP are not suffi- 
ciently well known, and that we are actually using more of the material than is necessary for 
maximum nematode control. Scaling down of recommended dosages would result in a theo- 
retical efficiency for DBCP comparable to that of the other nematocides. 

The temperature of 30° C used in the calculations is considerably higher than the appli- 
cation temperatures recommended for higher vapor pressure materials such as D-D. The 
theoretical efficiency of all the materials is raised by an increase in temperature, but must 
be considered from the standpoint of all factors involved, including the rate of loss of vapor 
from the soil. Only 5.9 pounds of DBCP are required at 21° C to saturate an acre of soil with 
vapor at 0.8 mm Hg, and the efficiency is only 34 percent. Better control of nematodes should 
result as the temperature rises until the rate of vapor loss from the soil becomes limiting. 
However, DBCP is quite effective at 21° C (18). Seinhorst (29) has stated that at low tem- 
peratures and limited time periods between crops in Holland, D-D is effective whereas Dow- 
fume W-85 is not. Although this situation is probably complicated by other soil factors, a 
relation between temperature and vapor concentration of nematocides in soil is clearly in- 
dicated. 


SPECIFICATION OF IDEAL NEMATOCIDES 
General 


The relations between temperature, crops, cropping practices, nematode populations, 
and reproductive rates are compelling reasons for the belief that the greatest markets for 
ideal nematocides will lie in tropical and subtropical regions. Both nematodes and nema- 
tocides are responsive to temperature, and since Louisiana in its southern reaches is sub- 
tropical in climate the specifications for ideal nematocides have been adjusted for a tempera- 
ture of 30°C. This is a reasonable average annual or growth season temperature for tropical 
and subtropical regions. 

It makes little difference whether an ideal material is a liquid or a solid, although in the 
latter form it might be shipped somewhat more cheaply. A solid material can be shipped 
just as economically as fertilizer. An 8-8-8 commercial fertilizer can be purchased in ton 
lots at retail in Baton Rouge for $2.69 per 100 pounds. The total cost here would be a rela- 
tively low transportation cost for 100 pounds of nematocide. In any case, the cost of an 
effective nematocide to the farmer will be the final criterion of its utility. 


= 
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Characteristics of ideal nematocides which must be left entirely to the mercies of empiri- 
cal discovery include nematode toxicity, phytotoxicity, and mammalian toxicity. The limit 
of toxicity of most effective pesticides is around 10-6; for DBCP, based on its effectiveness 
in soil, it is 10-5. If this is the true situation, then we can expect a tenfold improvement in 
nematode toxicity of ideal nematocides over DBCP. The absence of reliable data on inherent 
toxicity of the halogenated hydrocarbon nematocides, with the exception of D-D (32), isa 
deterrent to progress. Specifications for ideal nematocides have been indicated in such a 
way as to minimize some of the inherent difficulties involved in achieving desirable toxicity 
characteristics. For example, a low vapor pressure material might possess considerable 
phytotoxicity in high concentrations and yet be nonphytotoxic at effective concentrations in the 
soil. A low vapor pressure material works under the principle of conservation, which tends 
to minimize the bulk or quantity needed and hence the final cost. A very nice curve can be 
drawn for the halogenated hydrocarbon nematocides, demonstrating the relation between vapor 
pressure and pounds of material required for comparable nematode control. High inherent 
toxicity for nematodes is a requirement which is not minimized by the present specifications 
for ideal nematocides, and a heavy burden is thrown upon research in this direction. This 
has two advantages, however. High potency materials are essential for minimizing quantity 
and hence cost. Basic knowledge is being rapidly accumulated because screening programs 
have emphasized work in this area. 


Limits of Physical Characteristics 


The vapor pressure range of 0.8 to 1.5 mm Hg for DBCP between 21° and 30° C should 
be adequate for the active materials of INA. The situation will be somewhat different with 
INB. INB, with a half-life of 90 days, will yield by chemical decomposition 2 to 3 pounds of 
active products every 10-day period. These vaporous products will be in a state of near 
equilibrium with the air, liquid, and solid phases of the soil owing to escape of vapor at the 
soil surface. Since in practice DBCP is applied in excess of the quantity required for vapor 
saturation and since INB will produce only 2 to 3 pounds of active materials at 10-day inter- 
vals, it would appear that a slightly higher vapor pressure in the range of 0.5 to 5 mm Hg at 
30° C might be advantageous for INB. 

The importance of adequate vapor pressure for movement of a material in soil is demon- 
strated by the fact that substances with vapor pressures in the range of 0.01 mm Hg or less 
at ordinary temperatures will not move independently in the soil, at least movement is not 
rapid enough to be of practical value. 

The degree of water solubility is likewise of prime importance with regard to the be- 
havior of a material in the soil. Regardless of vapor pressure, a material will not move 
independently of the water phase in the soil unless it possesses a low water solubility (25). 
Some water solubility is necessary because nematodes are hydrophilous animals, i.e., they 
inhabit the water phase. Perhapsthe range of water solubility exhibited by the halogenated 
hydrocarbon nematocides, 0.09 to 0.41 percent, will be adequate for ideal nematocides. PRD 
possesses water solubilities of 0.22 to 0.35 percent in the temperature range of 20° to 30. 5° 
C, and many other desirable characteristics, but apparently it fails as an ideal nematocide 
because it does not possess sufficient vapor pressure. Low water solubility is essential for 
two additional reasons. If solubility is too high, the material will wash down and be lost from 
the nematode- inhabited zones of many soils. According to Chitwood (5) and others who have 
conducted studies on the chemical nature of the nematode cuticle, nematocides should be 
lipoid-soluble, unless designed to enter per orem. The author would be surprised if nema- 
tocide investigators did not already possess valuable leads on the molecular configurations 
required for both the penetration of the nematode cuticle and the killing of nematodes. The 
trick will be to combine these molecular configurations in a nematocide possessing the re- 
quisite physical characteristics for activity in the soil. 


SCREENING FOR IDEAL NEMATOCIDES 


Efficiency is the fundamental principle underlying the success or tailure of any screening 
process. An efficient screening method permits discard of a high proportion of useless items. 
However, a selective screening method can be successful only if it rests upon basic assump- 
tions or propositions which are correct. Most biological workers have very little faith in 
selected assumptions, for reasons which have been discussed in detail. Most nematocide 
screening programs, therefore, are set up in a broad and general way to provide fertile 
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ground for chance discoveries, and at the same time to yield some basic information. The 
comprehensive screening method recently suggested by Taylor, Feldmesser and Feder (32) 
appears to embrace these objectives. 

The proper relation of vapor pressure, nematode toxicity, and water solubility will deter- 
mine minimum quantity and cost of INA. Chemical half-life must also be considered for INB. 


The following procedure calls for simultaneous screening of the first three or four require- 
ments. 


Add 1074 approximate molar concentration (based on estimated 
molecular weight) of chemical in soil water, to air-dry soil. In- 
troduce nematodes and eggs in water suspension to container, apart 
from soil. Seal container and incubate for 2 weeks. For INBscreen- 
ing, renewal of the nematode test suspension after 30 days, reseal- 
ing and incubation of 2 additional weeks, will be necessary. Quantity 
of chemical, soil water, air-dry soil, and volume of container are 
interrelated variables. 


The method is advantageous for simultaneous testing with several nematode species. 
Probably these should include saprophytic, tylenchoid, and dorylaimoid forms. The test 
organisms should be easily culturable and able to survive 2 weeks' incubation in water films 
under laboratory conditions. They should produce eggs in large numbers in agar cultures 
and the eggs should hatch readily in water films after extraction from agar. 

Information on water solubility of materials, obtained prior to their testing, should be 
ignored. Harvey, and Harvey and Crafts (11, 12), found that various water soluble modifi- 
cations of 2,4-dichlorophenoxyacetic acid and pentachlorophenol reverted to insoluble forms 
in soil, or otherwise behaved as insoluble materials. A knowledge of their water solubility 
in vitro was of little consequence when these materials were brought into contact with soil. 


For the same fundamental reason, prior data on vapor pressure of materials should be largely 
ignored. 


SPECIFIC NEED FOR EFFICIENT NEMATOCIDES 


An ideal nematocide in the 5- to 10-dollar per acre range for blanket application would 
have universal demand. A 20-to30-dollar per acre material would be highly successful. In 
Louisiana, nematodes and associated soil parasites take an annual toll of 8, 3, and 2million 
dollars in rice, cotton, and corn, respectively. Undetermined losses, which are believed to 
be extensive, occur in sugarcane and important tree crops, including vast stands of pulpwood 
pines. A conservative estimate of nematocide needs in Louisiana would be one-tenth of an 
annual overall loss of 20 million dollars, or 2 million dollars. This latter figure would be 
the total annual sales of effective nematocides in Louisiana, on the basis of present estimates. 
Surely this market, combined with those for other Southern States and important foreign 


segments of tropical agriculture, will justify the efforts of industry to develop efficient nema- 
tocides! 
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PLANT-PARASITIC NEMATODES IN THE SOILS OF 
SOUTHERN FOREST NURSERIES] 


B. E. Hopper” 


Summary 


A survey was made of the occurrence and frequency of plant- 
parasitic nematodes in southern forest nurseries during the 1955 
and 1956 growing seasons, in order to obtain information on the 
association between plant-parasitic nematodes and the growth of 
southern pine seedlings. 

Meloidodera and Tylenchorhynchus were the only plant-para- 
sitic nematode genera found to be directly associated with seedling 
injury in the 35 nurseries included in the survey. Although fre- 
quently associated with "'root-rots'', Tylenchus was not considered 
responsible for this injury. 

New host records are reported for Meloidodera floridensis, 
Pratylenchus brachyurus, and Tylenchorhynchus claytoni. An 
undescribed species of Tylenchorhynchus was found parasitizing 
Pinus elliottii. 


INTRODUCTION 


The present high demand for pine seedlings is the result of the rapidly-expanding activities 
of the pulp and paper industries and the recent establishment of the Soil Bank Program (1). 
This demand in seedling production has increased the interest in nursery problems. Since 
little data are available relative to the effect of nematodes on production of pine seedlings, 
this investigation of nematodes in the soils of southern forest nurseries was begun to identify 
and record the distribution of plant-parasitic nematodes in forest nursery seedbeds and to 
relate species and populations of nematodes to sites exhibiting irregular seedling production. 


REVIEW OF LITERATURE 


The earliest report of the association of nematodes with nursery disorders was a short 
note by Cobb (7), 1939, without mention of specific identities. The species of nematodes that 
have been reported by other workers (5, 9, 15, 19, 21) as parasitizing pine are summarized 
in Table 1. 

In 1936, the W. W. Ashe Nursery near Brooklyn, Mississippi, was established by the 
U. S. Forest Service on virgin forest soil. A disease of undetermined origin developed in 
the first planting and became increasingly severe with each new planting. This disease re- 
sulted in heavy losses of four species of southern pine: longleaf pine (Pinus palustris Mill. ), 
slash pine (P. elliottii Engelm.), loblolly pine (P. taeda L.), and shortleaf pine (P. echinata 
Mill.). Nursery operations were discontinued during World War Il. The next seedling crop 
(1946) was so seriously affected that the Forest Service closed the nursery until the cause of 
the problem could be determined and some control measures established. 

Henry (13), 1953, described the disease as follows: 


"Affected stock may show symptoms that range from small, red, rough areas 
on the tap and larger lateral roots, to blackening and roughening of the entire sur- 
face of the tap root, which may have few or no laterals, to a rotting away of the 
lower tap roots. With the exception of the completely rotted roots, only the corti- 
cal root tissues appear to be affected. Ina relatively mild attack, the diseased 
cortex often appears to be sloughing off while being replaced by healthy cortex. 
Lenticels in diseased areas are sometimes enlarged to protruding masses of pink 
spongy cells." 


1 This paper is a portion ofa thesis submitted in partial fulfillment of the requirements for the 
degree of Master of Science at the Alabama Polytechnic Institute. 

2 Assistant in Botany, Botany and Plant Pathology, Agricultural Experiment Station, Alabama 
Polytechnic Institute. 
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Table 1. Nematode Parasites of Pine. 


Nematode 3 Host : Date Recorded 
Anguillulina sp. Pinus sp. 1937 (8) 


Aphelenchoides fragariae PP, palustris 1936 (9) 


Belonolaimus gracilis P, elliottdi 1949 (21) 
P, palustris 
Criconemoides rusticum P, echinata 1948 (15) 
Hemicycliophora sp, P. elliottii 1949 (21) 
Heterodera sp, P. spe 1953 (18) 
Hoplolaims coronatus P, nigra 1931 (19) 


P, palustris 1949 (21) 
H. sp. P, elliottii " 

P, taeda 1947 (20) 
Meloidodera floridensis P, elliottdi 1956 (5) 


Meloidogyne sp. P. elliottii 1938 (3) 
(H, marioni 
P, palustris " 
P, radiata 1951 (22) 
P. Spe 1948 (2) 


Several reports by investigators (12, 13, 16, 17) have shown that chemicals possessing 
nematicidal properties gave good control of the disease as compared to materials of fungicidal 
nature. Their data gave indirect evidence that nematodes were a factor in this root-disease 
problem. The following nematode genera were reported (13, 17) as being associated with 
pine roots in the nursery: Acrobeloides, Aphelenchoides, Diplogaster, Discolaimus, Pana- 
grolaimus, Pratylenchus, Tylenchus, and Zeldia. The genera, Aphelenchoides, Ditylenchus, 
Pratylenchus, and Tylenchus, contain plant-parasitic species. As yet, the specific entities 
causing this root-rot disease have not been determined. 

Foster (10), 1956, stated that black root-rot with symptoms similar to those described 
by Henry (13), 1953, caused considerable losses in the forest nurseries of Georgia each year. 
Methyl bromide, which has fungicidal as well as nematicidal properties, gave better control 
in this instance than ethylene dibromide. Foster speculated that the "control of a fungus in- 
tensifier of the rot" is the primary factor in the control of this root-rot disease. He found 
that the production of plantable seedlings grown at the Herty Nursery, Albany, Georgia, in- 
creased from 50 thousand to one million per acre by the use of methyl bromide. 


METHODS AND MATERIALS 


Soil samples were collected from numerous areas within each of 35 forest nurseries in 
eight Southeastern States during the fall of 1955 and the summer of 19563. Sites for sampling 
were chosen, in so far as possible, from areas that had visible symptoms of abnormal plant 
growth or from areas indicated by the nurseryman as "trouble-spots'". Each sample con- 
sisted of 1 pint of soil by volume made up with several subsamples taken with a soil tube from 


3The survey during summer of 1956 was made possible through the employment of the author by the 
Southeastern Forest Experiment Station of the United States Forest Service for that period oftime. 
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Occurrence and frequency of plant-parasitic nematodes in forest seedling nurseries. 
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the upper 6 inches of soil. Soil samples were either transported to a laboratory or processed 
in the field with portable apparatus. The site of operations was usually a centralized location, 
so that samples would be transported relatively short distances. 

A modification of the technique described by Christie and Perry (6), 1951, was used to 
process the soil samples collected from each nursery. Plant-parasitic nematodes recovered 
by this technique were identified to genus in most instances, and to species wherever possi- 
ble. 

The index used in the quantitative recording of nematode populations was as follows: 


- none. 

- low, 1-20. 

- intermediate, 21-100. 

- moderately high, 101-500. 
4 -high, 501 or more. 


© 


RESULTS AND DISCUSSION 


Plant-parasitic nematodes found in the 35 nurseries of the survey are given in Table 2. 
Meloidodera and Tylenchorhynchus were found associated with seedling injury. 

The new records of nematode parasites of pine revealed by this survey are shown in 
Table 3. 

Meloidodera floridensis Chitwood et al., 1956, was found attached to the root systems 
of the host plants indicated. This nematode was observed to be of widespread occurrence 
throughout the Coastal Plains area from North Carolina to Alabama. Further investigation 
may reveal its presence in areas west of Alabama. M. floridensis was observed to cause 
severe injury and mortality only to Pinus clausa (Chapm.) Vasey, 1876, at the U. S. Forest 
Service Experimental Nursery at Olustee, Florida. Several other pine species were infected, 
but they did not show seedling injury. Recently, Chitwood and Esser (4) concluded from pre- 
liminary pathogenicity studies that the reproduction and increase of M. floridensis on slash 
pine seedlings apparently does not injure the host. 

Pratylenchus brachyurus (Godfrey, 1929) Filipjev and Stekhoven, 1941, was obtained 
from the roots of longleaf and loblolly pine seedlings by employing Young's technique (23). 
Although it invaded the root tissues, P. brachyurus did not seem to materially affect seedling 
growth and development. It is probable that pine seedlings are tolerant of low infestations 
of this species of parasitic nematodes. 

Tylenchorhynchus claytoni Steiner, 1937, and an undescribed species of this genus were 
considered to be parasites of pine because of their frequent association in areas exhibiting 
severe seedling injury. The symptoms ranged from green-, yellow-, and brown-colored 
seedlings to dead seedlings. In some areas, this entire array of symptoms was observed 
from the border of the infested area to its center. Like Pratylenchus brachyurus, low in- 
festations of Tylenchorhynchus did not appear to affect pine seedlings. However, a high popu- 
lation level (1500 to 2000 per pint of soil) of T. claytoni was observed to cause severe injury 
at the old Gaylord Container Nursery at Morgantown, Mississippi. The undescribed species 
of Tylenchorhynchus (2500 per pint of soil) produced similar effects at the S. W. Louisiana 
Forest Tree Nursery, Oberlin, Louisiana4. This species has been maintained in the green- 
house for over a year on Pinus elliottii. It is highly probable that secondary infection by 
fungi adds to the total injury and/or multiplies the effect of the nematodes. 

Species of the genus Tylenchus were found in moderately high populations (1000 per pint 
of soil) at two nurseries reporting a seedling "root-rot". These were the Coosa River 
Nursery at Coosa Pines, Alabama, and the Horseshoe Bend Nursery at Glenwood, Georgia. 
The Tylenchus populations appeared to be highest where the roots of the seedlings were most 
extensively rotted. In a recently discovered "root-rot" infestation at the E. A. Hauss 
Nursery, Atmore, Alabama, the Tylenchus population was found to be highest in the center 
of the area showing stunted and chlorotic tops and dropped precipitously at the border of this 
area. Thus, it would appear that the Tylenchus population is directly proportional to the 
incidence of "root-rot''. Also, the injury to the seedling is not dependent on a high population 


4This undescribed species has been recovered from two more nurseries, since the thesis was 
completed. Ahigh population was found causing seedling injury at the N. W. Louisiana Forest 
Tree Nursery at Sibly, Louisiana, anda low populationhas been encountered without injury to 
seedlings at the Stillman Nursery near Newton, Texas. 
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Table 3. New Records of Plant-Parasitic Nematodes of Pine. 


Nematode ; Host 
Meloidodera floridensis Pinus clausa 
P. nigra 
P, palustris 
P, taeda 
Pratylenchus brachyuruc P, palustris 
P, taeda 


Tylenchorhynchus claytoni P,. elliottii 


T. species, undescribed P, elliottii 


of Tylenchus, as it appears to be with Tylenchorhynchus. The association of Tylenchus in 
the above situations appears to be one of a saprophytic nature, feeding on the deterioration 
products or the fungus organism causing the "root-rot''. This nematode was not considered 
to be the cause of the "root-rot". 
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ROOT-KNOT NEMATODES ON THE MIMOSA TREE, ALBIZZIA JULIBRISSIN 


A. F. Schindler! 


Frequent reports of root-knot nematode galls on the roots of the silktree albizzia, also 
known as the mimosa tree (Albizzia julibrissin), gave rise to the question whether these galls 
were actually due to root-knot nematodes, Meloidogyne spp., or whether they were bacterial 
nodules. 

Other species of Albizzia have been reported as hosts of root-knot nematodes (1, 3, 4), 
as have species of the closely-related genus Mimosa (1-5). However, the only record of 
root-knot infection of A. julibrissin was found in the files of the Section of Nematology, Agri- 
cultural Research Service, United States Department of Agriculture, in a letter from M. R. 
Harris, of the California Department of Agriculture, dated November 1938. 

To determine what-species of root-knot nematodes, if any, might attack and cause galls 
on the roots of A. julibrissin a test was conducted in the greenhouse. Inocula of six species 
of root-knot nematodes were each divided into approximately two equal parts. One part was 
mixed with the soil in a pot with one of the six mimosa trees while the other part served as a 
control in a pot with a young Rutgers tomato plant. The twelve plants were then grown ina 
greenhouse for approximately 5 months, after which the roots were examined for galls and 
root-knot nematodes. 

Upon examination, the roots of all six control tomato plants were heavily galled and all 
stages of the nematodes were found, from eggs to adults. On the other hand, the roots of the 
mimosa trees inoculated with M. incognita (Kofoid & White) Chitwood and M. incognita acrita 
Chitwood were both found to be negative for root knot. The roots of the tree inoculated with 
M. javanica (Treub) Chitwood were also negative but an unusual amount of root proliferation 
was observed. Possibly, this may have been due to the effects of attacks or entrance of root- 
knot larvae which failed to develop to maturity. 

The roots of the tree inoculated with M. arenaria (Neal) Chitwood were found to have a 
moderate amount of root-knot galls, with adult females, males, eggs, and larvae all present. 
With M. arenaria thamesi Chitwood the results were the same as with M. arenaria except that 
the galling was much heavier. There was very heavy galling of the roots of the tree which had 
been inoculated with M. hapla Chitwood but only adult females were found in the galls; no 
eggs were present. Again, this may have been due to a case of arrested development in the 
life cycle of the nematodes. 

From the results of this experiment it appears that at least some of the reports of nema- 
tode galls on the roots of A. julibrissin may be valid. Where nematodes are suspected the 
galls should be examined and dissected for the presence of root-knot nematodes. 
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OBSERVATIONS ON FUMIGATION OF TOBACCO SOILS! 


OQ. D. Morgan 


Over a 3-year period, 1,2-dibromo-3-chloropropane as granular Nemagon has been used 
in Maryland as a preplanting fumigant in tobacco soils. One fall and four spring treatments 
were made during the 3-year period. Results have shown that this fumigant can be used to 
control root-knot nematode without damage to the tobacco. 

Three of the tests were in unreplicated single plots using one rate of the fumigant in soil 
moderately infested with root-knot nematode 3 weeks before planting. One plot of 1/10 acre 
was treated with 500 pounds of 5% Nemagon, broadcast on the surface and plowed under. Near 
by in the same field a 1/2 acre-plot was treated with ethylene dibromide (EDB) at 4 1/2 gallons 
per acre. Seven untreated rows separated the EDB and the Nemagon-treated plots. Results 
at the end of the growing season showed that plants in the Nemagon-treated area had 3 root- 
knot nematodes per gram of roots, the EDB had 6, and the untreated control had 438. Weight 
of the dry leaf of 100 plants from each of the treatments above was 11 5/8, 9 1/2, and 3 7/8 
pounds, respectively. The untreated rows of plants were heavily infected with Fusarium wilt, 
while the fumigated plots had a light infection. Weights were below average owing to drought 
in the test area. No damage to the tobacco could Be attributed to the fumigants. 


FIGURE 1. 

Top, field heavily damaged 
with root-knot in 1955. 

Below, the same field after 
preplant treatment with Nemagon 
in 1955. 


Another area of 1/2 acre (Fig. 1) was heavily damaged by root-knot nematode in 1955. 
This 1/2 acre-plot was broadcast-treated in May 1956 (3 weeks before planting) with 179 
pounds of 5% Nemagon plowed under. Figure 1 (bottom) shows the field near the end of the 
growing season with a good crop of tobacco. At the end of the season, root-knot nematodes 
had invaded the roots in large numbers, indicating that the dosage was too low. No damage 
to the tobacco resulted from the treatment. 


1Scientific Article No. A677, Contribution No. 2892 of the University of Maryland Agricultural 
Experiment Station, Department of Botany. 


‘ 
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A third single plot of 1 acre was treated with 340 pounds of 10% Nemagon in the fall of 
1956 on a field moderately infested with root-knot nematodes. The fumigant was broadcast 
and plowed under, and then the field was planted to rye 1 week later. Observations of the rye 
in April of the following year indicated that no damage had occurred. The rye in the treated 
area was taller and thicker than the rye outside the treated area. Tobacco was planted in the 
same area in June; it made excellent growth and no damage occurred. A count of root-knot 
nematode larvae in August from soil samples in the treated and untreated areas showed that 
there was a 70 to 1 difference in favor of treatment. 

In 1956, a spring treatment test was made with DD, ethylene dibromide (EDB), Nemagon, 
at the following rates: 20 gallons, 4 1/2 gallons, and 170 pounds of a 10 percent material per 
acre, respectively. Treatments were made 3 weeks before planting on 1/10-acre plots repli- 
cated three times; untreated plots served as controls. The DD and EDB were broadcast ata 
depth of 6 inches and the Nemagon was spread on the surface and plowed under. The soil was 
on the dry side, and the area was under drought conditions most of the summer. A root index 


for nematode galls was made at harvest time from 25 plants per replicate taken at random 
(Table 1). 


Table 1. Mean index of root-knot nematode 
galls on tobacco at harvest. 


Treatment : Rate : Index® 
DD 20 gallons 3.0 
EDB 4.5 gallons 3.2 
Nemagon 10% 170 pounds 3.6 
Untreated 4.2 


®Index increments were 1 to 5, where 1 was 
roots without galls, and 5 all large roots 
galled. 

bApproximately 20 percent of the plants in un- 
treated control plots had rotted roots. Galls 
were larger and more numerous on roots of 
the control than on roots of the treated plants. 


None of the plants in the fumigated plots was injured. The dried leaf did not show any 
signs of injury. 

Further tests for phytotoxicity were made in 1957. Single 12-foot-row plots replicated 
three times were treated with three rates of a 10 percent granular Nemagon 3 weeks before 
planting. The treatment rates were 85, 170, and 250 pounds per acre. Although there was a 
severe drought in the area and the tobacco made poor growth, there was no visible evidence 
of damage. 

The results obtained warrant further testing of the 1,2-dibromo-3-chloropropane in the 
granular form as a fall or spring preplant soil fumigant for tobacco. 


DEPARTMENT OF BOTANY, UNIVERSITY OF MARYLAND AGRICULTURAL EXPERIMENT 
STATION 
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BLACK LEG OF TOBACCO IN MARYLAND! 


O. D. Morgan 


During the dry spring of 1957 many Southern Maryland tobacco growers had to use irri- 
gation water for plant beds. In many cases, the growers overwatered with daily irrigation 
causing the plants to grow rapidly and become spindly and tender. On six farms where daily 
watering was practiced a bed rot or "black leg" appeared, particularly where the plants were 
closely packed. In each case the symptoms were as follows: a soft rot of the leaves appeared 
first, then the plants developed a black stalk rot (Fig. 1A). Eventually, all of the infected 
spots in the beds became a slimy mass of dead and dying plants. On older plants black streaks 
on the stalks developed or the stalks turned black near the ground. Some of the roots of the 
plants were infected. A strong odor was evident in the decayed mass of plants in the bed and 
from the plants in the field. Most of the infection started in the leaves that touched the ground, 


FIGURE 1A. Shows 
plants from the beds with 
ragged leaves, 


FIGURE 1B. 
Plants that have diec 
the field. Note the } 
roots in both 1A and 


1 Miscellaneous Publication No. 319, Contribution No. 2891 of the University of Maryland Agri- 
cultural Experiment Station, Department of Botany. 
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progressed back through tne veins to the petiole, then to the stalk -- killing the plants. The 
rotted portions of the leaves fell out, causing a ragged appearance of the leaves in the bed and 
field (Figs. 1A and 1B). Areas affected in the beds were large, but were confined to one or 
two beds on each farm. 

Hundreds of the infected plants were transplanted to the fields and in one instance approxi- 
mately 2 acres were involved before the grower realized he was transplanting diseased plants. 
All of the diseased plants were replanted. Only those fields planted from bed-rot infected 
plants showed the black leg disease (Fig. 1B). The disease continued to kill plants in the 
field until hot, dry weather in the second week of June apparently checked it. After the fields 
dried out, most of the dead plants were removed and replants put in their places. The second 
planting survived even where transplants were placed in the same hill that held an infected 
plant. 

Microscopic examination showed only bacteria present in the plant tissue. Cultural iso- 
lation on nutrient media produced a slimy bacterial growth. When these bacteria were inocu- 
lated into plants growing in the greenhouse, a disease similar to hollow stalk was produced in 
some of the older plants. The disease in the beds and in the fields was attributed to Bacillus 
aroideae Townsend (Erwinia aroideae (Townsend) Holland). The hollow stalk disease has 
occurred a number of times in Maryland and is widespread but infrequently found. Bed rot 
and black leg have been found separately onrare instances in Maryland, but this is the first 


time they have been found together on the same farms and causing moderate losses to the 
grower. 


DEPARTMENT OF BOTANY, UNIVERSITY OF MARYLAND AGRICULTURAL EXPERIMENT 
STATION 
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PRELIMINARY EXPERIMENTS EMPLOYING GIBBERELLIC ACID 
AS A COTTONSEED TREATMENT 


David R. Ergle and L. S. Bird! 


Gibberellic acid, a metabolic product of the fungus Gibberella fujikuroi, has been shown 
to induce multiple growth and physiological responses in a number of plants (1, 3), cotton in- 
cluded (2). The observation that gibberellic acid increased stem elongation of young cotton 
plants suggested that its application to the seed might hasten seedling emergence or subse- 
quent seedling growth, thereby enabling the plants to escape some of the damage due to seed- 
ling diseases. This paper reports the results of preliminary greenhouse and field experi- 
ments employing gibberellic acid as a seed treatment. 


MATERIALS AND METHODS 


Greenhouse Experiments: Two methods of applying gibberellic acid to 25-gram lots of 
Empire WR variety seed were tested: (a) Undelinted seed were shaken or rolled (mechani- 
cally) in a jar containing 10 milligrams (mg) of gibberellic acid (GA) with 1 gram of carbon 
powder, and (b) Acid-delinted seed were soaked for 5 minutes in 50 ml of a 2.5% aqueous 
solution of methyl cellulose containing 10 mg of GA and allowed to become air dry before 
planting. Seed used as the controls were similarly treated, as in (a) and (b), except that 
gibberellic acid was omitted. The seed were planted to a uniform depth of 1 inch in washed 
river sand in metal flats in the greenhouse. These experiments were repeated employing 
Lufkin fine sandy loam as a germinating medium. 


Field Experiments: Two experiments were conducted in Lufkin fine sandy loam at Col- 
lege Station, Texas. The first was planted with seed of the Empire WR variety which had 
been treated with 0, 45, 90, or 180 mg of GA per 225 gm of acid delinted seed, using methyl 
cellulose as the sticking agent. The second test was planted with seed of the Empire WR and 
Austin varieties, employing only two levels of GA, 0 and 180 mg. The Austin variety is very 
similar to Empire WR except that it has the B7 gene for resistance to bacterial blight. 

The two tests, in randomized blocks of six replications, were planted the morning of 
May 7, 1957. Two hundred seed, hand dropped through the spout of the tractor mounted 
planting equipment, were planted to each plot (52 feet long) and covered with 1 1/4 inches of 
soil. Soil moisture was excellent, and therefore rolling was omitted. 


RESULTS 


Greenhouse Experiments: The two methods of applying GA gave similar results; thus 
only those using methyl cellulose as the sticking agent will be presented. 

With seed planted in sand there was no effect of the applied GA on either germination or 
time of emergence. It did, however, increase seedling height and appeared to have a differ - 
ential effect on dry weight of the plant organs (Fig. 1 and Table 1). Neither leaf nor root 
development was appreciably altered, whereas stem dry weight was increased nearly 40 per- 
cent over the control. 

In marked contrast to the results with sand, those from the experiment using Lufkin fine 
sandy loam indicated that GA inhibited emergence (Table 2). The hypocotyls of the treated 
seed emerged, leaving the cotyledons buried in the soil. In this condition the hypocotyls ex- 
panded until they broke, ''decotyledonizing" the seedlings. There appeared to be no effect of 
GA on germination. 


Field Experiments: Three days after planting, 1.44 inches of rain and a light hail fell 
on the experiment. Germination had occurred at this time and the seedlings were in the 
"crook" stage. However, the rain packed the soil around the cotyledons and part of the 
hypocotyls, leaving only the crook zone of the hypocotyl exposed. Traces of rain fell on the 
experimental area the fourth, fifth, and sixth day, 0.91 inch on the seventh, and 0. 23 inchon 
the twelfth day after planting. 


lRespectively, Plant Physiologist, Crops Research Division, Agricultural Research Service, 
United States Department of Agriculture; and Cotton Pathologist, Texas Agricultural Experiment 
Station and Agricultural Research Service, Crops Research Division, College Station, Texas. 
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FIGURE 1. Eleven-day-old Empire WR cotton seedlings in washed river 
sand from untreated seed (C) and seed treated with gibberellic acid (GA). 


Table 1. Effect of gibberellic acid used as a cottonseed treatment 
on resulting seedling growth, as indicated by height of 
plants, and dry weights, 21 days after planting. 


: : Dry weight (gm/100 seedlings) 
: Height : : Stems plus : : 
Treatment : (cm) : Leaves : petioles : Roots : Total 


Control 10.5 12.0 6.9 3.5 22.4 


Gibberellic acid@ 14.8 9.6 3.5 24.8 


4Applied in aqueous solution with methyl cellulose as sticker. 


Table 2. Comparison of percentage emergence 
and height of seedlings 10 days after 
planting, from cottonseed treated with 
gibberellic acid, and untreated seed, 
planted in washed river sand and Lufkin 
fine sandy loam. 


Emergence : Height 
: percent (cm) 
Treatment : Sand : Soil : Sand : Soil 


Control 88.1 80.4 10 8 


Gibberellic acid 87.0 65.2 14 12 


Stand counts for the two tests, made 38 days after planting, are given in Table 3 and 
Table 4. In the test with Empire WR alone (Table 3) the final stand for the 0 level of GAwas 
85.5 compared to 37.5 for the 45-mg rate of GA, and it decreased, though not significantly, 
as the level of GA was increased. For some unexplained reason final stand from untreated 
seed in the second and adjoining test, employing both Empire WR and Austin varieties (Table 
4), was better (though still low) than in the preceding experiment; about 60 percent for each 
variety. Application of GA at the highest rate used reduced final stand to 12 and 14 percent, 
respectively. These results were similar to those of the greenhouse experiment using the 
same soil type. 
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Table 3. Effect of several application rates of gibber- 
ellic acid to cottonseed on final field stand 
of cotton seedlings of the Empire WR va- 
riety, 38 days from planting, College 
Station, 1957. 


Rate of : 
application : Final seedling stand 
(mg per : (average number seedlings per 
225 gm of seed) _: 52 row feet)a@ 


85.5 
37.5 
24.2 
22.1 


L.S.D. .05 level 12.7 
-01 level 17.6 


4200 seed were planted per 52 row feet. 


Table 4. Effect of gibberellic acid, at highest rate 
of application to cottonseed tested, on 
final field stand of seedlings of twoclosely 
related varieties, Empire WR and Austin, 
38 days from planting, College Station, 
1957. 


Rate of : Final seedling stand 
application : (average number seedlings per 
(mg per : 52 row feet)® 
225 gm of seed) : Empire WR: Austin: Average 


0 123.2 121.2 122.2 
180 23.7 28.7 27.2 


Average 73.4 74.9 


L.S.D. for .05 level N.S.D. 
averages - 01 level 


4200 seed were planted per 52 row feet. 


There was no apparent difference in time of seedling emergence in the treated and un- 
treated plots. Irrespective of treatment level, the surviving seedlings from the treated seed 
were about one-third taller than those from the untreated seed and they had a healthy green 


color. Later (incipient flowering), however, the plant height advantage was reversed, favor- 
ing plants from the untreated seed. 


DISCUSSION 


It would be premature to draw definite conclusions from these limited data and obser- 
vations. They do, however, focus attention on two important points pertinent to any antici- 
pated use of GA as a cottonseed treatment, alone or in conjunction with fungicides. First, 
the results show that the use of GA under conditions (rain) resulting in compaction of the soil 
after planting led to a greater reduction in seedling stands than when untreated seed were 
planted. The fact that poor stands were obtained with both untreated and treated seed, the 
latter being much poorer, indicates that the basic cause was not the applied GA itself but the 
inherent mechanical weakness of the hypocotyl. During the movement of the hypocotyl up- 
ward, with the cotyledons trapped by the packed soil, the hypocotyl broke in the crook region, 
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leaving the seedling without cotyledons and incapable of further growth. Presumably GA act- 


ed in some manner, possibly by accelerating cell elongation without a corresponding increase 
in thickness, to further weaken the hypocotyl. 


Second, although the effective range of concentrations of GA is unusually broad (very 
high concentrations may be inhibitory but not necessarily toxic), it is possible that even the 
lowest rate used in the field tests, 45 mg/225 gm seed, was excessive and inhibitory. On 
the other hand this rate was comparable to that used in the greenhouse experiments, which 
in sand as a germinating medium, but not in Lufkin fine sandy loam, did not inhibit seedling 
emergence and did stimulate early growth. Thus additional information is needed on the in- 
fluence of application rate, and, on the interrelations of GA with soil type, temperature, and 
moisture, in order to evaluate the use of GA as a cottonseed treatment. 
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THE USE OF SODIUM METHYL DITHIOCARBAMATE 
FOR THE CONTROL OF CLUBROOT OF CRUCIFERS 


R. C. Cetas 
Abstract 


The application of 1 quart of V.P.M. (31% sodium methyl dithio- 
carbamate) per 100 square feet as a drench resulted in good weed 
control and almost perfect control of clubroot of Chinese cabbage in 
naturally-infested fields. Broadcast application of similar amounts 
of V. P.M. with shank and blade type applicators followed by the 
application of 1 inch of water by overhead irrigation 1 month prior 
to the setting of cabbage and cauliflower plants resulted in good plant 
growth and satisfactory clubroot and weed control. The band appli- 
cation of V.P.M., 1 pint per 100 lineal feet of row, with one shank 
of a shank applicator followed immediately by 1.5 inches of water 
applied by overhead irrigation 1 month prior to the setting of cabbage 
plants resulted in a weed-free band 16 inches wide, satisfactory 
plant growth, and good clubroot control. Band application at rates 
higher than 1 pint per 100 lineal feet, with additional shanks spaced 
6 inches apart, resulted in wider weed-free bands, but plant growth 
and clubroot control were not improved. 


Clubroot, caused by Plasmodiophora brassicae Wer., is one of the more important dis- 
eases of crucifers on Long Island, New York. Most of the Long Island cauliflower growers 
control this disease by using land that is not known to be infested with the causal organism. 
However, many of the green vegetable growers on Long Island do not have sufficient land to 
employ this method of control, therefore, it would be advantageous if they were able to grow 
various crucifers successfully on land known to be infested. 

It has been demonstrated that the proper use of commerical formulations of sodium 
methyl dithiocarbamate! will control various species of weeds and certain soil-borne patho- 
gens. Consequently, in 1956 and 1957 experiments were conducted in cooperation with vege- 
table growers for the purpose of evaluating the use of sodium methyl dithiocarbamate for the 
control of clubroot of crucifers in naturally-infested fields. 

The writer wishes to express his appreciation to the growers for the use of the infested 
land on which these experiments were conducted, to E. I. du Pont de Nemours & Co. for the 
supply of sodium methyl dithiocarbamate, and to Stauffer Chemical Co. and I. M. Young & 
Co. for the use of their application equipment. 


MATERIALS AND METHODS 


In the small replicated field experiment conducted on Sassafras loam in 1956, V.P.M. 
(31% sodium methyl dithiocarbamate) was applied as a drench at the rate of 1, 1.5, and 2 
quarts per 100 square feet to 20-foot sections of 5-foot wide fully prepared beds. The requir- 
ed amount of V. P.M. per plot was diluted with 5 gallons of water and applied with a sprinkling 
can. This was followed immediately by the application, also with a sprinkling can, of 2 gal- 
lons of water per plot. After all plots had been treated, approximately 1 inch of water was 
supplied by overhead irrigation. The plots were treated on July 26 and then left undisturbed 
until August 18, at which time they were shallow-cultivated to break the crust on the soil sur- 
face and to destroy the weeds in the nontreated plots. On August 18 each plot, consisting of 
four rows spaced 10 inches apart, was seeded with Bok Choy (white) Chinese cabbage. On 
September 20 all plants in 5 feet of each of the two center rows of each plot were counted. 
One week later the plants were thinned to one plant to every 3 to 5 inches of row. On Novem- 
ber 2 all plants from the center 15 feet of the center two rows of each plot were lifted and the 
root system of each plant was classified according to the degree of disease development: 


1 Vapam -- Stauffer Chemical Co. ; V. P. M. -- E. I. du Pont de Nemours & Co. ; and Chem-Vape -- 
Chemical Insecticide Corporation. 
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0 -- no disease, 1 -- slightly diseased, 2 -- moderately diseased, and 3 -- severely diseased. 
A clubroot index was calculated according to the method described by Walker and Hooker in 
1945 (3). The indices thus secured might range from 0, indicating that all plants were free 
of clubs, to 100, indicating that all were severely diseased. As deer often feed in theseplots, 
data were not taken on plant growth and yield. 

In 1957 other methods of application and lower dosage rates of V.P.M. were tested in 
three nonreplicated experiments conducted on Sassafras loam and Sassafras sandy loam soils. 
In two experiments V.P.M. was broadcast with a shank applicator mounted on a Ford- 
Ferguson cultivator, with the shanks spaced 6 inches apart and using a blade applicator as 
described by Jensen and Page (1, 2). The land was fully prepared for transplanting before 
treatment. The V.P.M. was injected 5 to 6 inches deep, then the soil surface was sealed by 
shallow cultivation with a double disk harrow that had a heavy plank float attached to the rear 
gang. One inch of water was added by overhead irrigation within 24 hours after treatment. 
Treatments were made June 13 and 14. Soil temperature was above 70° F, but the soil was 
slightly dry because of drought. About 1 month after treatment the plots were shallow-disked 
and set with either cabbage or cauliflower plants about 6 weeks old. The plants were set with 
a standard cabbage transplanter. 

One test employed 1 quart of V.P.M. per 100 square feet, with each type of equipment. 
These four-row 200-foot plots were set with Holland Erfurt cauliflower plants. Another test 
used 1 quart of V. P.M. per 100 square feet, with each type of applicator, and 1 pint per 100 
square feet with the blade applicator. Danish Ballhead cabbage plants were set in these plots, 
which were four rows wide and 125 feet long. 

In the third nonreplicated experiment one-row raised beds were band-treated with V. P.M. 
The beds were 16 to 18 inches wide on 28-inch centers, and were about 200 feet long. One 
bed was treated with 1 pint, two with 2 pints, and two with 3 pints, of V.P.M. per 100 lineal 
feet of row applied with one, two, and three shanks, respectively. An adjacent nontreated 
bed was used as a check. The shank applicator was mounted on a Ford-Ferguson cultivator. 
Where two or more shanks were employed, the shanks were spaced 6 inches apart. The 
V.P.M. was injected 5 to 6 inches deep. Immediately afterward, beds were reshaped and 
1.5 inches of water were added by overhead irrigation. Plots were left undisturbed for about 
1 month, then weeds between the treated bands were killed with a recommended dosage of 
stoddard solvent (a mixture of low-boiling-point hydrocarbons). The slight crust on the bed 
surfaces was broken by shallow cultivation just prior to setting of the cabbage plants. Globe 
cabbage plants were set with a Holland transplanter on July 30, about 5 weeks after treat- 
ment. When the plots were cultivated, shields were used on the cultivator to prevent the 
throwing of nontreated soil onto treated areas. 

All plots were irrigated immediately after plants were set and also several times during 
the season; hence, the plants never suffered from lack of moisture. Insects were controlled 
with recommended insecticides, when necessary. At the end of the experiments, the top and 
head of every third plant in 100 feet of each test row of the'cabbage plots were harvested and 
weighed. The roots of each third plant in the test rows of all plots were carefully lifted with 
a spading fork, classified for disease development, and a clubroot index calculated (3) as 
described earlier. In order to apply 1 quart of V.P.M. per 100 square feet with the appli- 
cators, it was necessary for the operator to go over the ground twice. The same was true 
for the addition of 1 pint of V. P.M. per 100 lineal feet of row per shank in the band applica- 
tions. Cauliflower and cabbage plants used in these experiments were supplied by the grow- 
ers who cooperated, and the plants were grown in beds not known to be infested with the club- 
root organism. 


RESULTS 


Excellent pre-seeding weed control resulted from all drench applications of V. P.M. in 
the 1956 test. There were numerous seedlings of lamb's-quarters and crabgrass in all non- 
treated plots, but the treated ones were free from all weeds. For some undetermined reason 
Bok Choy cabbage seeds germinted slowly and emergence was irregular in all plots. The 
best stands were obtained in plots treated with 1.5 quarts of V. P.M. per 100 square feet 
(Table 1). Only one plant of 165 examined from the plots treated with 1 quart of V.P.M. per 
100 square feet was affected with clubroot, whereas 56.5 percent of those in nontreated plots 
were diseased. None of the plants examined from plots treated with 1.5 or 2 quarts of V. P. M. 
per 100 square feet had clubroot (Table 1). Thus, the proper use of V. P.M. resulted in con- 
trol of clubroot, as well as of most weeds. 


‘ 
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Table 1. Stand counts and clubroot incidence and severity in 
Bok Choy cabbage grown in beds given drench appli- 
cations of V.P.M. 1 month before seeding. 


Quarts of : Number of : Percentage of 
=: plants in : plants affected : Clubroot 
100 square feet : 10 feet of row® : with clubrootb : index¢ 
0.0 88 56.5 36.3 
1.0 75 0. 64 0.2 
1.5 120 0.0 0.0 
2.0 69 0.0 0.0 


@Counts were made 33 days following seeding. Figures are an 
average of four plots. 

These data were taken 75 days after seeding. 
Cif all plants were free from clubroot the index would be 0; all 
slightly diseased, 33; all moderately diseased, 67; all severely 
diseased, 100. 
dOne plant of 165 examined was found to be affected with clubroot. 


Results of the broadcast method of treatment with V. P.M. with the blade and shank appli- 
cators are presented in Tables 2 and 3. Throughout the season plants in treated plots appear- 
ed to be growing normally; in contrast, plants in nontreated plots soon began to show symp- 
toms of wilting and stunting associated with clubroot. In these two experiments satisfactory 
control of clubroot was obtained by the application of 1 quart of V. P.M. per 100 square feet 
with either type of applicator. The use of 1 pint of V. P.M. per 100 square feet resulted in 
slightly smaller plants and heads than the use of 1 quart with the blade applicator. However, 
the degree of clubroot control was about equal in both plots (Table 3). Thus, the data indicate 
that the use of 1 pint of V.P.M. per 100 square feet can result in satisfactory control of club- 
root; but additional data should be obtained. It is of interest that 8.3 percent of the cabbage 
heads harvested from the nontreated plot weighed 3 pounds or over, whereas 78.3 percent and 
52.6 percent weighed 3 pounds or more in plots treated with 1 quart and 1 pint, respectively, 
of V.P.M. per 100 square feet with the blade applicator; also, 63.9 percent weighed at least 
3 pounds in plots treated with 1 quart of V.P.M. per 100 square feet with the shank applicator. 
Good control of all weeds was obtained in all plots treated with V.P.M., even at the rate of 
1 pint per 100 square feet with the blade applicator. 

The band application of 1 pint of V.P.M. per 100 lineal feet of row applied with one shank 
resulted in excellent weed control in a band approximately 16 inches wide (Table 4). This 
treatment also gave satisfactory plant growth and good control of clubroot. Higher dosages 
applied with two or more shanks resulted in wider weed-free bands but not in increased plant 
growth or in better clubroot control than was obtained with 1 pint of V.P.M. per 100 lineal 
feet of row. The relatively poor control of clubroot in the plot treated with 3 pints of V.P.M. 
per 100 lineal feet of row (Table 4) probably resulted from recontamination by surface drain- 
age water. The majority of the diseased plants in this plot were located in a low spot that 
was flooded for a short time following a rain of 1.77 inches on July 29 and one of 1.82 inches 
on August 26. Thus, the success of the band application of V.P.M. or of similar materials 
for weed and disease control depends greatly on the prevention of recontamination of the 
treated zone of soil. 

The application of V.P.M. as a broadcast or as a band treatment with either the bladeor 
the shank applicator did not completely eliminate the clubroot organism from the soil. This 
is indicated by the various amounts of clubroot in the treated plots (Tables 2, 3, 4); however, 
these treatments did control the disease sufficiently to permit satisfactory plant growth and 
head formation. In nontreated plots clubs were located mainly on the tap roots. In treated 
plots most of the clubs were on the lateral roots. Often the clubs appeared to be on the por- 
tions of the roots that extended beyond the treated zone of soil. 
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Table 2. Incidence and severity of clubroot in Holland 
Erfurt cauliflower plants grown in plots given 
broadcast applications of 1 quart of V.P.M. 
per 100 square feet with blade and shank appli- 
cators 1 month before the plants were set. 


Treatment : Percentage : Percentage 
and : ofheads : of plants : Clubroot 
applicator harvested? : with clubroot> : indexb,¢ 
No treatment 12 100 87.3 
V.P.M., blade 59 67 41.7 
V.P.M., shank 65 53 25.0 


4Percentage figures are based on a total of 58 plants from 
the nontreated plot, 121 and 130 plants from plots treated 
with V.P.M. applied with the blade applicator and with the 
shank applicator, respectively. 

bThe figures in these columns are based on 21 plants ex- 
amined in the nontreated plot and 40 plants examined inthe 
treated plots. 

CSee Table 1, footnote c. 


Table 3. Head size and incidence and severity of clubroot in Danish 
Ballhead cabbage plants grown in plots given broadcast 
applications of V.P.M. with two types of applicators 1 
month before the plants were set®. 


Quarts of : : Average : Percentage : 
Vit. per : : head weight : of plants : Clubroot 
100 square feet : Applicator : (pounds) : with clubroot : index> 
0 1.22 97.2 90.7 
1 Blade 4.30 80.6 55.6 
1/2 Blade 3.10 86.8 57.0 
1 Shank 3.37 94.4 50.0 


8Data are based on 36 plants examined in nontreated plots and in plots 
treated with 1 quart of V.P.M. per 100 square feet and on 38 plants 
examined in the plot treated with 1 pint of V.P.M. per 100 square feet. 
bSee Table 1, footnote c. 
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Table 4. Width of weed-free bands in plots given band applications of 
V.P.M. and head size and incidence and severity of clubroot 
in Globe cabbage plants grown in the treated bands of soil®. 


Pints of : Number : Width of : Average : Percentage : 

V.P.M. per : of : weed-free: head : of plants 
100 feet -: shanks : band : weight : with : Clubroot 
of row : per row : (inches)>b : (pounds)¢ : clubroot® : index¢,4 


0 0 1.10 96.8 80.6 


1 1 
2 2 . 
3 3 4 34.4 


6.5 
3.2 


4Plots were treated 5 weeks before plants were set. The V.P.M. was 
injected 5 to 6 inches deep with a shank applicator. When two or more 
shanks were used per row the shanks were spaced 6 inches apart. 
bThese measurements were made 1 month after treatment. 

©The figures in these columns are based on 31 plants examined in each 
plot. 

dsee Table 1, footnote c. 


DISCUSSION 


The band application of V. P.M. and similar products appears to be the most promising 
method for field use by the growers. With this method, the amount of chemical required to 
treat a given area of land is much less than that required for a broadcast application. For 
cabbage or other crops planted in rows 28 inches apart, approximately 23 gallons of V.P.M. 
will be required per acre, used at the rate of 1 pint per 100 lineal feet of row. At the present 
prices of V.P.M. and other formulations of sodium methyl dithiocarbamate, this amount re- 
presents a cash outlay of between $74.00 and $92.00 anacre. Since 1 pint of V.P.M. per 
100 square feet applied with the blade applicator gave satisfactory control of clubroot, it is 
possible that the use of 1/2 pint of V.P.M. per 100 lineal feet of row would result in satis- 
factory disease and weed control. If this were true, the cost would be even less than in- 
dicated above. Pre-seeding band applications of V.P.M. and other formulations of sodium 
methyl dithiocarbamate should be useful on other crops, especially on crops for which there 
are no satisfactory pre-emergence or post-emergence weed killers. 

Broadcast applications of V.P.M. and similar products should be useful for weed and 
disease control in vegetable plant beds or wherever other high-value crops are grown. Satis- 
factory results can be obtained either with drench applications or with a blade or a shank 
applicator when the shanks are spaced 5 to 6 inches apart. 
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ADDITIONAL NEW RACES OF COLLETOTRICHUM LINDEMUTHIANUM IN MEXICO! 


a 


William D. Yerkes, Jr. 2 


Although climatic conditions during the growing seasons of 1956 and 1957 were not favor- 
able to the development of epiphytotics of Colletotrichum lindemuthianum on beans (Phaseolus 
vulgaris-coccineus complex) in Mexico, several new collections were made. After isolation 
and purification these were used to inoculate the Mexican and standard bean anthracnose 
differential varieties. The techniques and methods were the same as those employed inpre- 
vious studies3. Of the four new collections studied one was identified as a previously known 
race, MA-2, already represented by nine collections. 

The three new races all fall within the Alpha group of anthracnose races, that is, they 
are the same in their pathogenicity as race Alpha on Michelite, Dark Red Kidney, and Perry 
Marrow varieties. They differ from each other and from Alpha, however, in their patho- 
genicity on the five Mexitan differentials. These new races are designated MA-11, MA-12, 
and MA-13. 

Results of the inoculations and the racial reactions are shown in Table 1. 


Table 1. The reactions of United States and Mexican differential 
bean varieties to four new Mexican collections of 
Colletotrichum lindemuthianum and to race Alpha. 


Race : Alpha Group : Group I 
Collection : : MA-11 : MA-12 : MA-13 : MA-2 
Number i376: 150 : 136 


Michelite 

Dark Red Kidney 
Perry Marrow 
Negro 150 
Negro 152 
Amarillo 155 
Bayo 164 
Canario 101 


4Standard Cornell Strain. 
bs indicates susceptibility and R resistance. 


That new races of Colletotrichum lindemuthianum will continue to be found in Mexico is 
apparent. The wide diversity of pathogenic races will also continue to be a complicating 
factor in the development of new varieties. Although the establishment of a certified seed 
production and distribution program will undoubtedly diminish the losses from this disease, 
it is evident that we must keep abreast of the racial situation in Mexico. 


MEXICAN AGRICULTURAL PROGRAM OF THE ROCKEFELLER FOUNDATION, AND OFFICE 


OF SPECIAL STUDIES OF THE MEXICAN MINISTRY OF AGRICULTURE AND ANIMAL 
INDUSTRY 


1Paper No. 89, Agricultural Journal Series of The Rockefeller Foundation. 

2Associate Plant Pathologist with the Mexican Agricultural Program of The Rockefeller Foundation. 
3Yerkes, WilliamD., Jr., and Moisés Téliz Ortiz. 1956. New races of Colletotrichum linde- 
muthianum in Mexico. Phytopathology 46: 564-567. 
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STUDIES ON THE ADDITIVE EFFECT OF AGRIMYCIN 
ON DIFFERENT FUNGICIDES IN THE CONTROL OF 
POTATO LATE BLIGHT, PHYTOPHTHORA INFESTANS! 


Reiner Bonde and Barbara Johnson2 
Abstract 


Ten fungicidal spray mixtures prepared at four different con- 
centrations and with or without Agrimycin 1003 (50 ppm) were 
tested for the control of late blight infection on inoculated detached 
potato leaves incubated in moist chambers. The presence of 
Agrimycin in the spray mixture greatly increased the extent oflate 
blight control for all of the fungicides with the exception of the 
manganous fungicides Manzate and Niacide M. Agrimycin at 50 
ppm also reduced the percentage of the leaf area killed by the fun- 
gus. It did not prevent infection but apparently reduced the growth 
of the fungus after it had entered the leaves. 


INTRODUCTION 


Field experiments conducted in Maine? as well as information supplied by Pfizer Com- 
pany® indicated that a combination spray fungicide of Agrimycin and tribasic copper sulfate 
may be more effective for the control of potato late blight than either used alone. 

Experiments were conducted during the summer of 1957 to obtain information regarding 
the effect on the control of potato late blight from combining Agrimycin with a number of 
different fungicides. 


MATERIALS AND METHODS 


The experiments were conducted in the laboratory using the detached leaf technique 
method. Leaves of the susceptible Green Mountain and Katahdin varieties were detached and 
sprayed with the fungicides under test to the "run off'' stage. The excessive moisture was 
permitted to evaporate before the leaves were placed in moist chambers consisting of wooden 
flats, 3 x 15 x 23 inches, and covered with a pane of glass. Wet burlap was placed in the 
bottom of the flat and covered with moist newspaper or toweling (Fig. 1). 

A suspension of zoospores, washed from infected potato plants, was atomized on the de- 
tached leaves. The inoculated leaves were held at a temperature of about 60° F for 6 to 10 
days, when the degree of infection was determined. The room in which the tests were con- 
ducted was well lighted with fluorescent light. 

This method gives a good evaluation of the fungicides as to their effectiveness in con- 
trolling late blight, and is more rapid and less costly than the field method. It also has the 
advantage that the environmental conditions can be controlled and infection assured. 

Ten spray fungicides, each prepared with and without Agrimycin at 50 ppm, were eval- 
uated regarding their ability to prevent late blight infection onthe inoculated potato leaves. 
The fungicides were tested at one-eighth, one-fourth, one-half, and full strength as recom- 
mended by the manufacturers. 


I This study was supported in part with Grant-in-Aid funds supplied by Chas. Pfizer Company, 
Brooklyn, New York. 

2Plant Pathologist and Laboratory Technician respectively, Maine Agricultural Experiment 
Station. 

3 Agrimycin 100 contains 15. 0% streptomycinand 1. 5%oxytetracycline. It willbe referredtoas 
Agrimycin in this paper. 

4Bonde, Reiner. Unpublished data. 

5Mimeographed material supplied by Chas. Pfizer Company. 
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FIGURE 1. Inoculated detached potato leaves after being incubated for 10 
days in moist chambers. Note the disintegration of the leaves that were infect- 
ed with Phytophthora infestans. The fungicidal tests referred to in this paper 
were conducted in an inoculation chamber of this type. 


RESULTS 


Table 1 summarizes the data derived from this experiment. 

All of the inoculated control leaves that were not sprayed with a fungicide were badly in- 
fected, showing that the inoculum and conditions were suitable for infection. There was a 
large variation in the fungicidal value of the different fungicides in the absence of Agrimycin. 
Phenyl mercuric acetate (Phix) was the most effective and permitted no infection when applied 
at one-half and full strength as recommended for disease control. Manzate (manganous 
ethylene bisdithiocarbamate) and Niacide M (manganous dimethyl dithiocarbamate) also afford- 
ed good control in comparison with the commonly used copper fungicides. It is of interest 
that TD-40 (dinitrobenzene thiocyanate), which is not generally used for spraying potatoes, 
possessed considerable fungicidal value for the control of late blight at all of the concentra- 
tions included in these experiments. 

The data show that Agrimycin used at 50 ppm possessed considerable fungicidal value 
and reduced significantly the extent of leaf tissue killed by the fungus. The percentage of 
foliage killed in the leaves sprayed with Agrimycin in the absence of another fungicide varied 
from 0 to 67. As can be observed from Table 1, there was a large variation in the degree of 
late blight infection in the control leaves that were sprayed with Agrimycin in the absence of 
another fungicidal material. This difference appeared to be associated with the lapse oftime 
between the spraying of the leaves with antibiotics and the later inoculations. In general, de- 
laying the time of inoculation after the leaves were sprayed with Agrimycin decreased the ex- 
tent of the infection. 

It is significant that Agrimycin generally delayed the rapidity of spread of the fungus in 
the leaf, and often the infection was characterized by numerous small infection spots that 
were slow in advancing. The Agrimycin sprays, at this concentration, apparently did not 
prevent infection, but delayed or prevented the growth of the fungus after it had entered the 
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potato leaves. The data support the conclusions of V6rés et al. 6 that the control of late 
blight infection by streptomycin is indirect and is not a result of toxicity to and destruction 
of P. infestans conidia. 

The data in Table 1 show further that Agrimycin was compatible with most of the fungi- 
cides. The extent of late blight infection was greatly reduced when Agrimycin was added to 
the spray solutions. The increase in the fungicidal value from the addition of Agrimycin was 
not limited to the copper fungicides. The two manganous fungicides (manganese ethylene 
bisdithiocarbamate and manganous dimethyl dithiocarbamate) were the only ones that did not 
respond favorably to the addition of Agrimycin. 

It can be noted that all of the copper fungicides as well as Phix, TD-40, and Niacide A 
and Z gave good control of late blight infection even at one-eighth the recommended concen- 
tration, when applied with Agrimycin. The leaves sprayed with the same fungicides at the 
lower concentrations were in most instances badly infected when Agrimycin was‘omitted from 
the spray mixture. 

The data confirm those of McNew whose observations, according to Vérés et al. 6 indi- 
cated a synergistic effect of copper and streptomycin. The data presented here, however, 
indicate that there may be a synergistic effect when Agrimycin is used with some of the other 
fungicides also. 

The fact that Agrimycin is compatible with different kinds of fungicides and may have a 
synergistic effect may be of practical value. The data presented here show that some of the 
fungicides were very effective for the control of late blight at very low concentrations when 
Agrimycin was included in the spray mixture. If this is true under field conditions, it may 
be possible to reduce the cost of spraying potatoes and other crops. Reducing the concentra- 
tion of the copper and other fungicides may be beneficial to some crops that are susceptible 
to copper and other types of spray injury. The combination of a fungicide with Agrimycin 
also may aid in the control of some bacterial diseases of the potato. More extensive experi- 


ments should be done under field conditions favorable for the rapid spread of potato late 
blight. 


MAINE AGRICULTURAL EXPERIMENT STATION 


6Vérds, J., Z. Kirdly, andG. L. Farkas. 1957. Role of polyphenolase in streptomycin-induced 
resistance to Phytophthora inpotato. Science 126: 1178. 
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SPRAYING TO CONTROL LATE BLIGHT OF POTATOES IN THE PHILIPPINES ! 


C. S. Reddy, F. T. Orillo, and L. N. Gibe? 


Irish potatoes are grown in the Philippines for a restricted trade because most of the 
people prefer rice and also because the low potato yields make rice cheaper. The usual 
price is about 40 centavos per kilogram (9 cents per pound) and the tubers are smaller than 
could be marketed in the United States. 

In February 1956, the potato plants were completely destroyed by late blight (Phytoph- 
thora infestans). Only insecticides had been used to spray the fields, but, even in the ex- 
perimental plots where fungicidal sprays were applied at 2-week intervals, little control 
could be observed at San Mateo in the Marikina Valley, a short distance north of Manila, P. I. 

The cropping practice here was to grow several hundred acres of potatoes during the 
dry season and corn or legumes before and after the potatoes in the wet season. The potatoes 
are planted in November or December and harvested in February or early March, allowing 
a growing period of about 85 days. The fields are prepared so that they can be irrigated. 
Fertilizers, mainly fish mealand ammonium sulfate, are applied and cost about P 420 per hec- 
tare ($84 per acre). 

Two experimental plots for the control of late blight of potatoes were planted in random- 
ized blocks replicated six times on December 17, 1956. One was to determine the effect on 
yields of decreasing the time interval between sprays and increasing the number of spray 
applications. The other was to evaluate nine spray materials for control of late blight when 
they were applied seventimes. Insecticides were used inall the sprays at the rate of one pound 
of 50% wettable per 100 gallons and the checks were sprayed at the same rate. The insecti- 
cide consisted of two parts DDT and one part Dieldrin. A sticker-spreader, Tenac, was used 
in all the sprays at the rate of 2 ounces per 100 gallons. The average maximum tempera- 
ture for 26 days preceding harvest was 94.8°F and the average minimum was 65.8°. The 
lowest temperature was 60.79. The average maximum humidity for this period was 75 per- 
cent, but the soil between the rows was always wet by the irrigation water. The field out- 
side the plots was sprayed four times this year with Bordeaux mixture in addition to insecti- 
cide. 

The plot size in the first of the two experiments was 3 x 37 meters, consisting of four 
rows, the middle two being harvested for yields. Acre yield data were obtained from 1) 
the non-sprayed plots, 2) the plots sprayed four times at 2-week intervals with Bordeaux 
4-4-50, 3) the plots sprayed eight times at 1-week intervals with Bordeaux 3-3-50, and 4) 
the plots sprayed eight times at 1-week intervals with Zineb (Dithane Z78) at two pounds per 
100 gallons. Data from this experiment are presented in Table 1. 

The data in Table 1 show how much money could be made by applying a few more sprays 
at closer intervals. The profit on 100 acres would have been more than doubled ($15, 000 to 
$34,000). Both Bordeaux and insecticide were applied to the commercial portion of the field. 
According to the data in Table 1, this probably increased profits on 100 acres from $15, 000 
to $18, 000 but even this profit could have been almost doubled, $34,000, if the grower had 
used Dithane Z78 eight times instead of using Bordeaux four times. 

These results also show that relatively large profits can be made with relatively low acre 
yields (74.4 to 107.8 bushels). The quality, especially size of tubers, was enhanced where 
the. sprays had significantly controlled late blight. 

The second experiment conducted in the same field was for the purpose of evaluating 
nine fungicidal sprays for control of potato late blight. The plots were six rows wide and 5 
meters long, replicated six times. The yields were obtained from the four middle rows. All 
the plots, including checks, were sprayed each time with the same insecticidal material as in 
the preceding experiment. Bordeaux mixture was 4-4-50 and Gy-cop 53 was used at the rate 
of 4 pounds per 100 gallons. Phygon and Karathane WD were used at 1 pound, and the re- 
maining spray materials at 2 pounds, per 100 gallons. The plots were sprayed seven times, 


1 Journal Paper No. J - 3306 of the lowa Agricultural and Home Economics Experiment Station, 
Ames, Iowa. Project No. 858. 


Visiting professor under the Cornell contract from Iowa State College, Ames, Iowa, head and 
peonere 6 a respectively U. P. College of Agriculture and Central Experiment Station, 
os Banos, P. I. 
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Table 1. Data from a potato spraying experiment to control late blight in Rizal 
Province, Luzon. P. I. 1957. 


Check 
(Insecticide Bordeaux Dithane Z78 
Acre yields in bushels 74.4 83.7 98.4 107.08** 
Pet. increase in acre yields ---- 12.5 32.3 44.9 
Value per acre in dollars 405.85 432.38 536.89 608.19 
(40 centavos per Kgm) 
Cost of material and 27.72 22.91 38.73 42.17 
labor (2) 
Additional cost of production 225.00 225.00 225.00 225.00 
Dollars profit per acre 153.13 184.47 273.16 341.02 
Dollars increase in profit from ---- 31.34 120.02 187.89 
fungicide spray 
Pet. increase in profit from — 20.5 73.6 122.7 
fungicide spray 
late blight as pet. of check 100 62 49 31 


(1) Five persons at J~2.50 each, spray one hectare per day. CuS04 at 1.00 


per kgm.; lime at 70.85 per kgm. Dithane 278 at 93.20 per 1b.; Dieldrin 
50 WP at ~7.00 per 1b.; and DDT 50WP at 71.75 per 16. One peso is equal 
to one-half dollar and one hectare is approximately 2.5 acres. 


(2) Includes in cost per hectare, seed ~otatoes (usually from Japan) 275; 
land preparation and care ~300.; irrigation land rent f100.; and 
fertilizer ~420. Figures from the office of the Provincial Agricultur- 
ist, Passig, Rizal, P.I. 


Table 2. Data from a potato late blight spraying experiment in which nine fungi- 
cides were used. San Mateo. Rizal. P. I. 1957. 


Late 

Blight Dollars Pct. Increase 

Pct. of Acre Increase Gain in gain 

Check __Yields Pot _ per acre _ per 
Check (insecticide sprayed) 100 76.0 157.30 
Manzate 74 99.2* 30.5 265.39 69 
Karathane WD 4g 100,0* 32.8 282.96 80 
Bordeaux 50 104.7%* 37.8 301.37 92 
Fermate 52 106.1** 39.6 310.77 97 
Zerlate 54 108 .8** 43.2 326.38 107 
Gy-cop "53" 118.4** 55.8 377-91 140 
Orthocide 50 WP 48 119.7** 5765 380.28 142 
Parzate 37 124,2** 63 ot 406.55 158 


* SMD 0.05 = 19.78 bu. 
** SMD 0.01 = 26.87 bu. 


1 
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the first four times were at weekly intervals, the last three at 10-day intervals. The data 
are presented in Table 2. 

The data in Table 2 show that all nine spray materials significantly increased yields, 
seven of the nine at the 1 percent level. Parzate was significantly better than Manzate, 
which was surprising. Parzate was also better than Karathane. Orthocide 50WP was sig- 
nificantly better than Manzate. Spraying with five of the nine materials more than doubled 
the profits. 

In Table 1 the data show that Dithane Z78 is better than Bordeaux, and in Table 2 Par- 
zate is the best of the nine materials including Bordeaux. Both Dithane Z78 and Parzate are 
Zineb spray materials and differ only in formulation. Later experiments by one of the writ- 
ers showed that Tenac at the rate used in these experiments was of no value as a sticker. 
Possibly better control would have resulted if a better sticker at an optimum rate had been 
used. Both experiments show that better spraying than is now practiced in this region would 
be very profitable. 


U. P. COLLEGE OF AGRICULTURE, CENTRAL EXPERIMENT STATION, 
LOS BANOS, PHILIPPINE ISLANDS 
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OBSERVATIONS ON PURPLE TOP OF POTATOES 
IN PRINCE EDWARD ISLANDI 


D. B. Robinson” and J. E. Campbell2 
INTRODUCTION 


Purple top of potatoes occurs chiefly in Sebago and Katahdin varieties in Prince Edward 
Island. Seed potato fields often have up to 5 percent and occasionally 50 percent or more of 
the plants affected. The disease is attributed in North America to the aster yellows virus 
(3), or to one or more viruses of the aster yellows group (2). It reduces the germinability of 
tubers and gives rise to weak plants (1, 2). Purple top appears in midsummer but becomes 
more severe and affects more plants as the season progresses. The distinctive symptoms of 
leaf rolling, pigmentation and aerial tubers are most evident in early autumn and are then 
most easily distinguished from the somewhat similar symptoms produced by injury, or by 
blackleg, rhizoctonia, and leaf roll. 

Seed potato growers are often concerned about the effects this disease may have on seed 
stocks. Observations on these effects, made over a 4-year period in Prince Edward Island, 
are reported here. 


PROCEDURE AND RESULTS 


In September of 1953 and 1954 tubers were collected from Sebago plants showing moder- 
ate to severe symptoms of purple top. The weight and number of these tubers, compared 
with the progeny of healthy plants obtained in the same fields, is combined for both years and 
given in Table 1. In both years the weight, but not the number, of tubers per plant was 
markedly reduced by the disease. 


Table 1. The effect of purple top on the weight and number 
of tubers produced by affected plants. 


Condition : Average number of ; Average weight 
of plant : tubers per plant@ : per tuber (ounce) 
Healthy 6.0 5.0 

Purple top 5.9 1.9 


@Based on 274 purple top plants and 72 adjacent healthy plants. 


Purple top plants also produced soft tubers which were often smaller than the average. 
Table 2 gives a comparison of the number of such tubers produced by slightly affected plants, 
showing only foliage purpling, and by severely affected plants with symptoms that included 
wilting, enlarged nodes, and axillary, aerial tubers. 


Table 2. The effect of purple top on the turgidity of tubers. 


: Turgidity of tubers 
Foliar Very sem Soft : Normal 


symptom : perc ent? : percent® : percent? 
Slight 5.6 11.9 82.5 
Severe 20.7 23.4 55.9 


4Based on 2018 tubers from severely affected plants; 
294 tubers from slightly affected plants. 


1Contribution No. 1659 from the Botany and Plant Pathology Division, Science Service, Canada 
Department of Agriculture, Ottawa, Ontario. 
2Associate Plant Pathologist, Science Service Laboratory, Charlottetown, Prince Edward Island. 
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The more severe the foliar symptoms the greater the proportion of tubers showing loss of 
turgidity. The very soft tubers were generally lighter in weight than the accepted Canadian 
seed grade standard of 1.5 ounces. 

It was observed that the sprouts from all classes of tubers produced by purple top plants 
almost invariably grew faster and were more spindly than sprouts from healthy tubers. Api- 
cal dominance was often absent or less pronounced in tubers from purple top plants. 

Information on the effect of purple top on emergence and yield was obtained by planting 
seed pieces from Sebago tubers of the "normal", "soft'' and ''very soft" classes obtained in 
1954. Tubers from the 1955 plots were used to make further plantings in 1956. Some re- 
sults of these series of plots are given in Table 3. 


Table 3. The effect of using seed from purple top plants on emergence 
and yield of subsequent crops. 


Appearance : 19554 19564 

of plant : Typeof : Percent : Yield : Percent : Yield 
1954 : seed tuber : emergence : (pound) : emergence : (pound) 

Healthy Normal 100.0 29.8 97.5 66.5 
Purple top Normal 64.7 13.2 98.5 60.7 
Soft 86.0 16.0 96.0 63.7 
Very soft 74.6 11.0 99.9 64.2 
L.S.D. (P = 0.05) 6.2 12.3 


8Four-replicated trials with 200 seed pieces per treatment. 


All types of tuber produced by purple top plants gave significantly reduced yields in the 
first year. This was largely due to reduced emergence but was also due in part to reduced 
vigor of the plants. No purple top symptoms developed. In almost every case of non- 
emergence the seed piece was found to be intact, usually showing no growth but occasionally 
having a weak sprout. The 1956 plantings, 2 years removed from the original purple top in- 
fection, gave uniformly vigorous stands with no significant differences in yield. This was 
also true of further plantings from these stocks made in 1957. Purple top infections in 1956 
and 1957 were 0.8 and 2.3 percent respectively and occurred equally over the plots regard- 
less of seed source. 

These observations are in accord with other reports (1, 2) that purple top causes re- 
duced yields in the season in which infection occurs and in the first year in which tubers 
from infected plants are used for seed. The effect on tubers apparently did not persist for 
more than one year, so that the disease is chiefly important in its initial effects. The disease 
is largely self-eliminating and in Canadian seed-producing areas this process is hastened by 
the grading out from seed stocks of many of the small tubers produced by purple top plants. 


Literature Cited 


1. BONDE, R., and E. S. SCHULTZ. 1953. Purple-top wilt and 
similar diseases of the potato. Maine Agr. Exp. Sta. Bull. 511. 

2. MacLEOD, D. J. 1954. Aster yellows (purple top) of potatoes. 
Amer. Potato Jour. 31: 119-128. 

3. YOUNKIN, S. G. 1943. Purple-top wilt of potatoes caused by the 
aster yellows virus. Amer. Potato Jour. 20: 177-183. 
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GREEN PETAL OF STRAWBERRY IN NEW BRUNSWICK 


W. B. Collins! and G. T. Morgan2 
Abstract 


The occurrence of aster yellows virus in strawberry plant- 
ings in New Brunswick since 1953 indicates that this disease is be- 
coming increasingly serious. The succession of infection symptoms 
and the pattern of infection within plantations are outlined. Comment 
is made in varietal susceptibility and the chemical control of the 
vector. 


INTRODUCTION 


Green petal or chlorotic phyllody of strawberry, apparently of the aster yellows type of 
virus described by Plakidas (5) and Frazier and Thomas (1), has become increasingly serious 
in New Brunswick since 1953. The symptoms of the disease here are similar to those re- 
ported from Britain (6), Arkansas (7, 3), and Nova Scotia (4). 

Macrosteles fascifrons (Stal.) (M. divisus) is common in New Brunswick and has long 
been recognized as the vector in the transmission of aster yellows in this area. 

The following records of the nature and distribution of the disease were collected in the 
course of other experimental work being conducted from and at the Horticultural Substation, 
Experimental Farms Service, McDonald's Corner, New Brunswick. 


SUCCESSION OF INFECTION SYMPTOMS 


Two periods of infection symptoms were noted in commercial plantations. Seasonally, 
the first blossom symptoms occurred during July and August of the planting year. These 
plants failed to runner and soon died. Typical symptoms again became apparent in the sur- 
vivors during the fruiting period the following year. It is not known, however, whether this 
indicates two periods of transmission by the vector or merely a continuance of one into the 
other. The following records were taken from a 3/4-acre planting of Senator Dunlap. Plant- 
ing took place in May, 1956. The first disease counts were taken in August of the planting 
year; atthattime the first infected plants were withering and there was no observed increase 
in the number of diseased plants. The second examination was made at fruiting time inearly 


July, 1957. The figures are in percentage of infected original plants showing typical green 
petal symptoms. 


Planting 1956 Bearing 1957 Total 
0.37 2. 20 2.57 


These figures would indicate that the spring infection in the bearing year is more damag- 


ing than the previous planting year infection, although the damage appears much more obvious 
in the latter. 


DISTRIBUTION WITHIN THE PLANTATION 


The diagramatic representation of a 3/4-acre plantation of virus-free Senator Dunlap 
strawberries (Figure 1) shows the typical pattern of infection observed in the commercial 
areas surrounding the Horticultural Substation. Each plot is six rows wide and 40 feet long, 
containing approximately 144 original plants. 

The pattern of infection can be clearly seen from Figure 1, and is obviously concentrated 
in the areas surrounded by hay. Greatest infection is in the periphery of the plantation. The 
pattern would indicate that 1) the inoculating agent is migrating from the meadow areas sur- 


rounding the plantation, and 2) that although strawberry is not a preferred host for the vector, 
it is a suitable one. 


TResearch Officer, Experimental Farms Service, Fredericton, New Brunswick. 


2Assistant Entomologist, Fruit Insect Laboratory, Science Service, Fredericton, New Bruns- 
wick. 
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Hay 
10 5 4 1 5 
Lawn 
6 6 4 1 
Hay 9 9 A 3 0 
6 3 2 1 3 
3 0 Bush 
Bush 1 2 1 
Bush 


FIGURE 1. Spread of green petal in 3/4-acre planting 
of Senator Dunlap strawberries. 


VARIETAL SUSCEPTIBILITY AND TOLERANCE 


Field observations indicate that there may be some varietal resistance to this disease, 
although most commerical varieties in the province are susceptible to varying extents. The 
Senator Dunlap, which comprises a high percentage of commercial plantings, appears to be 
the most frequently and seriously affected variety. Native Senator Dunlap, however, appears 
more tolerant of the disease than the imported or virus-free stock. The following records 
are from two 1/2-acre plantations. One plantation was set to native stock and the other was 
planted with imported stock. The figures relate to the percentage of clones found infected in 
the bearing year. 


Native Virus-free 
0.08 2.10 


Some apparent varietal resistance was observed in a replicated trial of 17 strawberry 
varieties. Varieties and percentage of infection are recorded below. Again, the figures are 
in percentage of infected original plants showing typical green petal symptoms. It would 
appear from the following table that there is a marked difference among varieties in degree 
of susceptibility. As the total plant population of each of the observed varieties was relative- 
ly small, the results recorded carnot be regarded as conclusive. The readings do afford 
some hope of the possibility of varietal resistance and also indicate that the three main varie- 
ties grown in the province, namely Senator Dunlap, Sparkle, and Catskill, are quite suscepti- 
ble to the disease. 
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Percent : Percent 
Variety infection : Variety infection 
Armore 0 Maine 55 0 
Arrowhead 20 Paymaster 31 
Bellmar 9 Phelps 24 
Blaze 4 Redcoat 12 
Catskill 33 Senator Dunlap 30 
Cavalier 0 Sparkle 18 
Fairland 0 Stafford 0 
Grenadier 11 Wisconsin 214 0 
Guardsman 0 


VECTOR CONTROL 


Three plots of virus-free Senator Dunlap were treated weekly during the growing season, 
from the date of planting in 1956 to fruiting in 1957, with malathion 2 pounds per 100 gallons 
of water, for aphid control. A series of three check plots was left untreated. The following 
counts of percentage of clones infected were taken at picking time in 1957. 


Treated Untreated 
7 4 12 15 18 16 
Average 7.7 Average 16.3 


Although there was a substantial reduction in the number of clones infected in the treated 
plots, control of the vector by chemical treatment solely within the plantation is not indicated 
since the transmission of the virus probably occurs before the insecticide if effective. 


DISCUSSION 


Some observations made in this study would appear to warrant further investigation. Judging 
from the pattern of infection shown in Figure 1, itis apparent that the vector migrates primarily 
from meadow areas. The work of Frazier and Posnette (2) in regard to clover would seem to bear 
out this observation. Some further work on treating the surrounding grass areas with an insecti- 
cide or the cultivation of these areas in crops unfavourable to the vector would appear to hold some 
promise in vector control. 

The possibility that there may be varietal resistance to this disease cannot be ignored, and 
more attention to this phase may be promising. 
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WILD GRASSES AS POSSIBLE ALTERNATE HOSTS OF "'HOJA BLANCA" 
(WHITE LEAF) DISEASE OF RICE 


Victor E. Green, Jr. and Joseph R. Orsenigo! 


Summary 


Information on the origin and spread of the "hoja blanca" (pho- 
netically: "O-ha Blan-Ka") disease of rice in the United States is 
far from complete and the symptomatology and etiology of this dis- 
ease are not well documented. Although known in Cuba and Vene- 
zuela for some time, the disease has recently been reported from 
south Florida, where it has been fuond only in rice fields on organic 
soils and within approximately one mile of sugar cane. In the Belle 
Glade, Florida area many grass weeds have manifested symptoms 
similar to those described for hoja blanca in rice. Symptoms were 
noted particularly in Echinochloa crusgalli, E. colonum, E. walteri, 
Brachiaria plantaginea, Panicum capillare, Oryza sativa (var. red 
rice), and were especially conspicuous in Sacciolepis striata. It 
appears desirable to utilize the last-named grass in cross inocula- 
tion studies of the possible viral nature of hoja blanca of rice. These 
species are ubiquitous to most of the southeastern United States rice 
producing States. Most of these grasses occur in the countries where 
hoja blanca has been reported, and it is hereby suggested that said 
grasses could act as vehicles to perpetuate and spread the disease 
even in the absence of rice. 


Little is known concerning the origin and spread of "hoja blanca" disease of rice in the 
United States (1)2. It has not been positively identified in any crop except rice and complete 
descriptions of the disease and its etiology are not found in the literature. Alternate hosts 
presumably have a role, however, since the disease appears to persist in a locale between 
rice crops for periods much longer than the life cycles of the leaf hoppers, the alleged vectors 
of the virus that supposedly causes the disease (7, 8). 

Todd? has suggested the similarity of hoja blanca disease to the mosaic disease of sugar 
cane and is conducting cross-inoculation studies in quarantined facilities at Canal Point 
Florida. 

Brandes (2) reported that sugar cane mosaic had many hosts, including corn, millet, rice, 
Panicum, sorghum, crabgrass, and foxtail. For the first three there were only field obser- 
vations, but experiments proved that sugar cane mosaic and the virus disease of the last four 
grasses were identical. 

Dr. James D. Panzer, in a security classified project, along with the writers noted that 
every incidence of hoja blanca in south Florida occurred in rice fields on organic soils where 
sugar cane (Saccharum officinarum L.) grew within one mile. Rice growing on organic soil 
miles from gugar cane or on sandy soils has not been observed to manifest symptoms of the 
disease. 

Although more diseased rice plants occurred near the edges of fields, plants on the side 


nearest sugar cane fields were not necessarily the first to be affected. Infected plants usually 
were found singly. 


lassociate Agronomist and Assistant Horticulturist, Everglades Experiment Station, University 
€ a Belle Glade, Florida. Florida Agricultural Experiment Station Journal Series, No. 


2The complete story of the discovery and steps to control disease in the United States will appear 
in the Rice Journal, New Orleans, February, 1958. 


3Personal communication from Dr. E.H. Todd, formerly Plant Pathologist, Rice Section, Agri- 
cultural Research Service, United States Department of Agriculture and Chemical Corps Biolog- 
ical Laboratories, Ft. Detrick, Maryland, now Plant Pathologist, Sugar Cane and Sweet Sorghum 
Section, Agricultural Research Service, United States Department of Agriculture, Canal Point, 
Florida. 
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On August 8, 1957, when the first infected rice plants were brought into the laboratory 
for inspection of a disease not heretofore seen at Belle Glade4, the writers noted similar 
symptoms in barnyard grass, Echinochloa crusgalli (L.) Beauv; "jungle rice" or "arrocillo", 
E. colonum (L.) Link and E. walteri (Pursh) Heller. Hitchcock stated (4) that barnyard 
grass was common in the United States and Mexico, but rare in the islands off the shores of 
Florida. However, it was reported in Bermuda, Cuba, and Haiti, as well as Venezuela (4). 
Seed rice from the United States exported to Cuba, Costa Rica, Venezuela, and Panama is 
frequently suspected of containing grass seeds of these species, although the suspicion is not 
documented. Hitchcock stated that jungle rice was common in these four countries. They 
now have become the focal point in the spread of white leaf disease in the western hemisphere. 
E. walteri is common in Cuba, Haiti, and Jamaica. E. colonum and E, crusgalli have been 
experimentally infected with sugar cane mosaic virus (9). 

Witchgrass, Panicum capillare L., a serious competitor in Everglades rice fields when 
they are not smoothed sufficiently to permit even flooding of the soil surface, showed symp- 
toms similar to those caused by the rice white leaf virus. This grass was growing in and 
between rows of Improved Blue Rose rice, a late maturing variety in the U.S.D.A Uniform 
Yield Nursery. Both the rice and the witchgrass appeared to be infected with the disease5 
which shows the close association of grass weeds and rice in the spread of the disease. 

Luces (6) lists P. capillare var. hirticaule in her genera of Venezuela grasses. 

Cralley6 reported observing symptoms similar to those of hoja blanca on species of the 
grass genera Echinochloa, Panicum, and Paspalum in Panama, when those grasses were 
growing in or near infected rice fields. However, none of the common Paspalums of the Ever- 
glades area were observed to be diseased in the present reconnaissance, where extensive 
plantings of Bahia-grass, P. notatum Flugge, occur, and where Vaseygrass, P. urvillei 
Steud., is a common ditchbank inhabitant. 

Echinochloa colonum and browntop panicum, Panicum fasciculatum Swartz, plants have 
shown typical hoja blanca symptoms in Florida and several Latin American countries (1, 8). 

Another species of grass found exhibiting symptoms similar to white leaf disease of rice 
was Alexander grass, Brachiaria plantaginea (Link) Hitchcock. This grass, probably the 
most important weed pest of low-growing, spring planted vegetable crops in a large area of 
the Everglades, manifested symptoms similar to those of a resistant reaction. While a num- 
ber of plants showed a mosaic pattern, many of the leaves were pale yellow to white only in 
the apical 2 inches. These plants were growing vigorously and had not shown signs of sea- 
sonal drying. In fact, the seed heads had not been exserted September 12, 1957, at Rabbit 
Island, northwest of Belle Glade, when these observations were made. This species is listed 
by Hitchcock (5) as occurring from Mexico to Bolivia and Brazil. The only anatomical dif- 
ference between this species and B. platyphylla(Griseb.) Nash is that in the former the spike- 
let is flat-beaked beyond the fruit, and in the latter the spikelet is not beaked beyond the fruit. 
The latter species is recorded in Cuba and Argentina (4), and could be a variety of (or syn- 
onymous with) B. plantaginea. Brandes and Klaphaak (3) reported inoculation of B. platy- 
phylla with sugar cane mosaic. 

The symptoms in these grasses were noted to a lesser extent and were of less intensity 
than the symptoms seen in rice. 

One grass growing on Rabbit Island showed the exact symptoms of the white leaf disease. 
The grass is Oryza sativa L., but is a variety that possesses a red pericarp. It is called 
red rice and is a common weed pest of cultivated rice. This variety sets and matures seed 
in about one-half to two-thirds the time required for cultivated rice. The seed are awned 
and shatter easily. Usually shunned by birds because of the awns, red rice seed fall to the 
soil and sprout. At least two crops a year are produced. The awned characteristic is also 
responsible for the persistence of red rice year after year in waste places and in idle, un- 
grazed fields where it could act as a weed host and maintain the suspected vectors of hoja 
blanca disease, whether they be leaf hoppers (8), aphids, nematodes, or others. 


4Unpublished observations of D.A. Fliehs, J.D. Panzer, andthe present writers. 

SUnpublished observations of Dr. C. Roy Adair, Acting Head, Rice Section, CerealCrops Re- 
search Branch, Crops Research Division, Agricultural Research Service, United States Depart- 
ment of Agriculture, andthe writers. The Uniform Yield Nursery of the USDA is grown annually 
.under a cooperative agreement with the Florida Agricultural Experiment Station. 

6Popular article by Dr. E.M. Cralley, Hoja blanca'--White leaf, anewdisease ofrice. Ark- 
ansas Farm Research 6(5):9. 1957. Fayetteville, Arkansas. 
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Only one grass showed symptoms of hoja blanca to a greater extent than did rice. Ina 
field recently sprigged to St. Augustine grass, situated 3/8 mile south of one infected paddy 
and 3/8 mile southeast of another infected paddy on the Everglades Experiment Station, many 
scattered plants of other grasses and broadleaf weeds were growing vigorously. The culti- 
vated grass had not covered the soil surface sufficiently to suppress weed competition. On 
November 13, every plant of Sacciolepis striata L4 which was found growing to the extent 
of about one plant every 2 square feet, was clearly visible from a distance because nearly 
all had yellow-green to white leaves. Many of the plants had headed but had not shed pollen. 
All plants in the vegetative stage of growth showed symptoms of disease, including mosaic, 
yellow-green to white streaking and white leaves (Fig. 1). There was no indication that the 
abnormal appearance was due to maturation or seasonal reaction. All of the other species of 
grasses and broadleaf plants possessed their normal green color. Climate and growing con- 
ditions were normal for all species involved, the water table was optimum for the cultivated 
crop, and the soil had been fertilized sufficiently with major and minor elements for normal 
pasture development. 


FIGURE 1. Leaf blades from a plant of Sacciolepis striata L. in the vegetative stage, 
showing virus-like symptoms suggestive of hoja blanca disease of rice. Everglades Experi- 
ment Station Photograph by Henry M. Spelman, III. 


Hitchcock (4) records this grass as occurring in Cuba, the Isle of Pines, Jamaica, Haiti, 
Dominican Republic, and Puerto Rico. Luces (6) stated that S. gibba (Ell.) Nash, the type 
species of the genus, is identical with S. striata (L) Nash. She wrote that S. myuros (Lam) 
Nash and S. strumosa (Presl.) Chase are known in Venezuela. 


TThe writers wish to acknowledge with appreciation the assistance of Prof. Erdman West, Bot- 
anist and Mycologist, the University of Florida, Gainesville, who made positive identification of 
the grass species Sacciolepis striata L. and Echinochloa walteri(Pursh) Heller. 
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DISCUSSION 


It would appear from existing literature and current knowledge that most urgent consid- 
eration should be given to determining the complete symptomatology and etiology of "hoja 
blanca" and learning as much as possible about the disease and its ecological relationships. 
The common name of the disease is mispronounced by some of the investigators working with 
it (phonetically, 'O-ha Blan-Ka''). The current program in screening varieties for resis- 
tance could be amplified and intensified. Selection and breeding for disease resistance can 


restrict losses from virus diseases and provide economical plant material to growers, par- 
ticularly in crops such as rice which offer little margin between cost and return. As a tem- 
porary measure, partial control may be effected through the use of expensive insecticidal 
chemicals to control vectors, when the disease is established as viral and when the specific 
insects are determined. Controlling grass weeds which may be identified as definite alter- 
nate hosts should be part of the control complex. 

The grass species in and around the infected rice fields near Belle Glade , Florida, which 
exhibited symptoms similar to those of "hoja blanca" of rice are present in the important 
rice States of Louisiana, Texas, Mississippi, and Arkansas. Sugar cane and S. striata are 
rare in the last named State. Sacciolepis striata L. should be a promising grass weed for 
cross -inoculations Of viral association with the hoja blanca disease of rice. 
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DISEASES OF GRASSES IN KANSAS: 1956-1957! 


Clark T. Rogerson? 


A study of grass diseases in Kansas was made during 1956 
and 1957. Particular attention was given to native prairie grasses. 
Seven fungi, previously unreported for Kansas, were found assoc- 
iated with grass diseases. These include: Ascochyta brachypodii 
on Chloris verticillata; Cercospora setariae on Setaria lutescens; 
Cochliobolus boutelouae on Bouteloua gracilis; Helminthosporium 
giganteum on Sporobolus neglectus; Helminthosporium kusanoi on 
Eragrostis pilosa; Septoria tandilensis on Panicum scribnerianum; 
and Ustilago macrospora on Elymus virginicus. 


In addition 21 new Kansas host records were obtained: 
Ascochyta graminea on Bouteloua curtipendula and Buchloé dac- 
tyloides; Colletotrichum graminicola on Bouteloua curtipendula 
and Bromus purgans; Epichloé typhina on Agropyron smithii, Hel- 
minthosporium bromi on Bromus japonicus; Helminthosporium 
hadotrichoides on Eragrostis cilianensis; Helminthosporium soro- 
kinianum on Buchloe dactyloides and Chloris verticillata; Phylla- 
chora wilsonii on Paspalum stramineum; Physarum cinereum 
on Cynodon dactylon; Piricularia grisea on Setaria faberi; Puc- 
cinia graminis on Agrostis hiemalis and Poa annua; Scolecotri- 
chum graminis on Bromus catharticus; Selenophoma donacis var. 
stomaticola on Sporobolus asper; Rhizoctonia solani on Festuca 
elatior and Zoysia japonica; Urocystis agropyri on Poa pratensis; 
Uromyces hordeinus on Festuca octoflora; and Ustilago striiformis 
on Elymus canadensis. 


A study of the fungi associated with grass diseases in Kansas was continued during 1956 
and 1957. A previous report (6) included results for the drouth years of 1953, 1954 and 1955. 
The year 1956 continued to be one of drouth and many of the prairie grasses remained brown 
throughout most of the season and failed to flower. In contrast, the year 1957 was one of 
abundant moisture and the prairie grasses made excellent growth. Field observations and 
collections were made primarily on native prairie grasses. However, observations on weedy 
and cultivated grasses were made whenever possible. Several additional fungus and host 
records for Kansas were obtained and some observations on others appear to be unusua! and 
worthy of record. Specimens have been deposited in the Mycological Herbarium of Kansas 
State College and in the National Fungus Collections at Beltsville, Maryland. 


AEGILOPS CYLINDRICA Host., JOINTED GOATGRASS 


Stem rust, Puccinia graminis Pers., was found during 1957 on goatgrass in a wheat field, 
Republic County. Uredia were scarce on the leaves of goatgrass while wheat plants were 
heavily infected. Natural hybrids of Aegilops x Triticum were not rusted. 

Leaf rust, Puccinia recondita Rob. ex Desm., was abundant on natural hybrids of Aegi- 
lops x Triticum at the edge of a wheat field in McPherson County during 1957. Both uredia 
and telia were present. 


1Contribution No. 513, serial No. 664, Department of Botany and Plant Pathology, Kansas Agri- 
cultural Experiment Station, Manhattan. 


2 Associate Mycologist, Kansas Agricultural Experiment Station, Manhattan. 


__ 
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AGROPYRON SMITHII Rydb., WESTERN WHEATGRASS 


Choke, Epichloé typhina (Pers. ex Fr.) Tul. (conidial stage), was found in a low area 
along a railroad in Russell County, June 1957. This represents a new host record for the 
fungus in Kansas. 

Stem rust, Puccinia graminis Pers. (uredial stage), was noted in a single area during 
1956 near Bennington, Ottawa County. It was not observed on the host in 1957. 

Leaf smut, Urocystis agropyri (Preuss) Schroet., was found in three localities : Lincoln 
County, 1956; Russell and Wallace Counties, 1957. The collections represent anew host record for 
the smut in Kansas. 


AGROSTIS HIEMALIS (Walt.) B.S. P., TICKLEGRASS 


Stem rust, Puccinia graminis Pers. (uredial stage), was found on this host in Cherokee 
County, June 1957. This is the first record of any fungus on the host in Kansas. 


ANDROPOGON GERARDI Vitm., BIG BLUESTEM 


Leaf rust, Puccinia andropogonis Schw., was abundant and severe in several bluestem 
pastures of Cloud and Butler Counties during 1957. 

Leaf rust, Puccinia tripsaci Diet. & Holw., was noted inasingle areain Jefferson County, 
July 1957. 

Leaf spot, Septoria andropogonis J, J, Davis, was found in two localities during 1957: 
Riley County, July; and Pottawatomie County, October. The fungus was first reported from 
Kansas on the host in 1946 (7) but this is the first record obtained in the 5-year survey. 

Seed smut, Sphacelotheca occidentalis (Seym.) Clint., was abundant in bluestem prairies 
of Butler and Riley Counties during 1957. 


ANDROPOGON SCOPARIUS Michx., LITTLE BLUESTEM 


Leaf rust, Puccinia andropogonis Schw., was locally severe in bluestem prairies of But- 
ler, Cloud, and Riley Counties during 1957. 


BOUTELOUA CURTIPENDULA (Michx.) Torr., SIDEOATS GRAMA 


Pycnidia of Ascochyta graminea (Sacc.) Sprague & A. G. Johns. were abundant on dwarfed, 
dying leaves of the host in Butler and Riley Counties during 1957. The pycnidia were promi- 
nent on the dead leaves. Spores were short cylindric, two-celled, 10-12 x 3-4.5 microns. 
The collections represent a new host record for the fungus in Kansas. 

Black ring, Balansia strangulans (Mont.) Diehl f discoidea (P. Henn.) Diehl, was found 
on a single plant in Pottawatomie County, July 1957. Diehl (1) reported an earlier record of 
the fungus in Kansas collected in 1921 by R. P. White. It recently has been reported from 
Nebraska (4). 

Anthracnose, Colletotrichum graminicola (Ces.) Wils., was observed in a single locality: 
Butler County, July 1957. This is a new host record for Kansas. 

Tar spot, Phyllachora boutelouae Rehm, developed late in the season of 1957 in Riley 
and Pottawatomie Counties. 

Rust, Puccinia boutelouae (Jennings) Holway (uredial stage), was noted in one locality, 
Riley County, 1957. 

Rust, Puccinia chloridis Speg. (uredial and telial stages), was collected in Lyon County, 
1957. 

Rust, Puccinia vexans Farl. (uredial, amphisporic and telial stages), was locally severe 
in Butler, Riley, and Pottawatomie Counties during 1957. In all collections amphispores were 
more abundant than the teliospores. 

Pycnidia of what appears to be Septoria andropogonis J. J. Davis were found on faded 
leaves of stunted plants in Riley County, July 1957. 

Leaf smut, Ustilago buchloés Ell. & Tracy, occurred abundantly in Pottawatomie and 
Riley Counties during 1957. 
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BOUTELOUA GRACILIS (H. B.K.) Lag. ex Steud., BLUE GRAMA 


Ascocarps of Cochliobolus boutelouae Sprague were found on blighted terminal portions 
of leaves of the host in Clark County, 1957. Conidia of Helminthosporium sp. were present 
on the spot-like lesions of the leaves of the same plants. Apparently the collection consti- 
tutes the second record of C. boutelouae. It was first described by Sprague (9) on B. gracilis 
from New Mexico. This is the first record of a species of Cochliobolus from Kansas. The 
identification has been confirmed by Dr. R. A. Shoemaker, Department of Agriculture, 
Ottawa, Canada. 


BROMUS CATHARTICUS Vahl., RESCUEGRASS 


Brown stripe, Scolecotrichum graminis Fckl., was abundant on this host along roadsides 
in Cowley County, April 1957. This is a new host record for the fungus in Kansas. 


BROMUS INERMIS Leyss., SMOOTH BROME 


Leaf blotch, Stagonospora bromi A. L. Sm. & Ramsb., continued to be prevalent on 
selections of smooth brome in the grass nursery, Riley County, June 1956. 


BROMUS JAPONICUS Thunb., JAPANESE CHESS 


Leaf spot, Helminthosporium bromi Drechs1., developed on chess in a low area along a 
roadside in McPherson County, May 1957. This is a new host record for the fungus in Kan- 
sas. 

Leaf spot, Septoria bromi Sacc., was common on the host in cultivated fields and along 
roadsides during 1957. Collections were made in Atchison, Linn, and Riley Counties. It 
was not observed in 1956. 

Loose smut, Ustilago bullata Berk., proved to be widespread. In 1956 collections were 
made in Riley and Sumner Counties; and during 1957, in Clay, Cloud, Decatur, Linn, Norton, 
and Riley Counties. 


BROMUS PURGANS L., CANADA BROME 


Anthracnose, Colletotrichum graminicola (Ces.) Wils., was collected in woods along 
WildcatCreek, RileyCounty, in August 1952, but has been studied only recently. This is the 
first Kansas report of anthracnose on any species of Bromus. Sprague (8) gives C. gramin- 
icola on B. purgans from Iowa only. weer 


BUCHLOE DACTYLOIDES (Nutt.) Englm., BUFFALOGRASS 


Pycnidia of Ascochyta graminea (Sacc.) Sprague & A. G. Johns. developed on dying 
leaves of buffalograss in Riley County, July 1956. Spores were cylindric, two-celled, 13-14 
x 4.5-6 microns. The fungus apparently had not been reported on this host. 

False smut, Cercospora seminalis Ell. & Ev., developed on almost 100 percent of the 
inflorescences in a prairie, 5 miles west of Latham, Butler County, July 1957. 

Melting out, Helminthosporium sorokinianum Sacc. ex Sorokin, developed in a lawn of 
buffalograss, Harper County, June 1957. The fungus was isolated from roots and crowns of 
the dying plants. It represents a new host record for Kansas. 

Leaf rust, Puccinia kansensis Ell. & Barth. (uredial and telial stages), was abundant on 
plants in a native prairie, Butler County, during 1957. 

Kernel smut, Tilletia buchloeana Kell. & Swing., was collected in Riley County, June, 
1956. 


CENCHRUS PAUCIFLORUS Benth., FIELD SANDBUR 


Inflorescence smut, Sorosporium cenchri Henn., continued to be prevalent. Collections 
were made in Pottawatomie County, 1956, and in Ottawa and Pottawatomie Counties in 1957. 


— 
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CHLORIS VERTICILLATA Nutt., WINDMILL FINGERGRASS 


Leaf spot, Ascochyta brachypodii (Syd.) Sprague & A. G. Johns., developed on dying 
leaves in Riley County, 1956. This is the first record of A. brachypodii in Kansas and is 
apparently the first record on this host. 

Helminthosporium sorokinianum Sacc. ex Sorokin sporulated on dying foliage and culms 
of the host in Riley County, 1956. The coilection represents a new host record for the fun- 
gus in Kansas. 

Rust, Puccinia chloridis Speg. (uredial and telial stages), was abundant in two areas, 
Butler and Riley Counties, during 1957. 


CYNODON DACTYLON (L.) Pers., BERMUDAGRASS 


Slime mold, Physarum cinereum (Batsch.) Pers., developed over an extensive area of a 
bermudagrass lawn in Newton, Harvey County, July 1957. This is the first Kansas report of 
a slime mold on bermudagrass. 


DACTYLIS GLOMERATA L., ORCHARDGRASS 


Anthracnose, Colletotrichum graminicola (Ces.) Wils., caused severe blighting of foli- 
age in localized areas in Riley County, July 1957. 

Stem rust, Puccinia graminis Pers. (uredial stage), was severe in a local area, Riley 
County, July 1956. 

Brown stripe, Scolecotrichum graminis Fckl., continued to be the most severe disease 
on cultivated orchardgrass in the grass breeding nursery, Kansas State College, Riley County, 
1956. It also developed on naturalized plants, Riley County, October 1957. 

Stripe smut, Ustilago striiformis (Westend.) Niessl, was abundant on orchardgrass in 
two lawns in Riley County, 1957. 


DIGITARIA SANGUINALIS (L.) Scop., HAIRY CRABGRASS 


Leaf spot and blast, Piricularia grisea (Cke.) Sacc., was common in two localities: 
Douglas and Pottawatomie Counties during 1957. 


DISTICHLIS STRICTA (Torr.) Rydb., INLAND SALTGRASS 


Leaf rust, Puccinia aristidae Tracy (uredial and telial stages), was severe on an exten- 
sive area in Logan County, June 1957. 


ECHINOCHLOA CRUSGALLI (L.) Beauv., BARNYARDGRASS 


Anthracnose, Colletotrichum graminicola (Ces.) Wils., was abundant in Ottawa and Riley 
Counties during 1957. 


ELEUSINE INDICA (L.) Gaertn., GOOSEGRASS 


Leaf spot, Helminthosporium nodulosum Berk. & Curt. ex Sacc., was abundant and severe 
on the campus of Kansas State College, Riley County, in both 1956 and 1957. The treatment 
of Luttrell (3) was followed in the determination of the fungus. 


ELYMUS CANADENSIS L., CANADA WILDRYE 


Brown stripe, Scolecotrichum graminis Fckl., was not observed in 1956 but was abun- 
dant and widespread in 1957. Collections were made in Clay, Marshall, Reno, and Scott 
Counties. 

Leaf smut, Urocystis agropyri (Preuss) Schroet., was collected in Dickinson and Russell 
Counties, 1957. 

Stripe smut, Ustilago striiformis (Westend.) Niessl, was found in Marshall County, June 
1957. This is a new Kansas host record for the smut. 
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ELYMUS VIRGINICUS L., SOUTHERN WILDRYE 


Choke, Epichloé typhina (Pers. ex Fr.) Tul., was found in Riley County, 1956, and in 
Elk County, 1957. The records indicate three stations for E. typhina on southern wildrye 
known at present in Kansas, a previous record having been “obtained in Ottawa County (6). 

Leaf rust, Puccinia recondita Rob. ex Desm. (uredial and telial stages), developed on 
plants in a low area in Riley County during 1956. 

Brown stripe, Scolecotrichum graminis Fckl., was severe on plants in moist areas along 
a stream, Riley County, May 1956. 

Leaf smut, Urocystis agropyri (Preuss) Schroet., was found in abundance early in May 
1956 on plants along Elk River, Jackson County. 

Stripe smut, Ustilago macrospora Desm., was found in one area, ShermanCounty, June 
1956. This is the first record for the smut in Kansas. Fischer (2) does not record U. mac- 


rospora on E. virginicus. 


ERAGROSTIS CILIANENSIS (All.) Lutati, STINKGRASS 


Leaf spot, Helminthosporium hadotrichoides Ell. & Ev., was abundant on this host on 
the campus of Kansas State College, Riley County, during June and July, 1957. This is the 
first record of a fungus on this host in Kansas. The treatment of Luttrell (3) was used in the 
determination of the fungus. 


ERAGROSTIS PILOSA (L.) Beauv., INDIA LOVEGRASS 


Helminthosporium kusanoi Nisikado developed on injured plants of the host on the campus 
of Kansas State College, Riley County, during August 1956. Conidia and conidiophores of H. 
kusanoi as described by Luttrell (3) were associated with conidia and conidiophores of Hel- 
minthosporium spiciferum (Bain) Nicot on the same leaves. Dr. E. S. Luttrell, Georgia 
Experiment Station, has confirmed the identification of H. kusanoi. This constitutes a new 
fungus record for Kansas. a 


FESTUCA ELATIOR L., MEADOW FESCUE 


Root rot, Rhizoctonia solani Kuehn, was found inthe turf plots at Kansas State College, Riley 
County, June 1957. The fungus was isolated from roots of dying plants. This is a new host 
record for Kansas. 


FESTUCA OCTOFLORA Walt., SIXWEEKS FESCUE 


Rust, Uromyces hordeinus (Arth.) Barth. (uredial and telial stages), was abundant in an 
extensive, overgrazed prairie, west of Manhattan, Riley County, 1957. This is a new host 
record for Kansas. 


HORDEUM JUBATUM L., SQUIRRELTAIL GRASS 


Brown stripe, Scolecotrichum graminis Fckl., was found in Scott County, June 1957. 


HORDEUM PUSILLUM L., LITTLE BARLEY 


Powdery mildew, Erysiphe graminis DC. ex Merat, developed in low fields, Geary and 
Saline Counties, 1956, and in Riley County, 1957. 

Brown stripe, Scolecotrichum graminis Fckl., was common and widespread in Atchison, 
Cheyenne, Decatur, McPherson, Marion, Norton, and Riley Counties during 1957. 

Leaf rust, Uromyces hordeinus (Arth.) Barth. (uredial and telial stages), occurred in 
epiphytotic proportions during 1957. It was found wherever the host was examined. Collec- 
tions were made in Ellsworth, Greeley, Lincoln, Linn, Norton, Phillips, Rawlins, Reno, 
Republic, Riley, Russell, and Sherman Counties. 


— 
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LEPTOLOMA COGNATUM (Schult.) Chase, FALL WITCHGRASS 


Leaf spot, Cercospora fusimaculans Atk., which was first found in Kansas (Riley County) 
during 1954 (6), proved to be more widespread. During 1956 it was collected in Geary and 
Wyandotte Counties; in 1957 it was found in Lyon County. 

Rust, Puccinia imposita Arth. (uredial and telial stages), was collected in Wyandotte 
County, August 1956 and in Butler County, September 1957. 


LOLIUM PERENNE L., ENGLISH RYEGRASS 


Crown rust, Puccinia coronata Cda. (uredial stage), was severe on this host in lawns 
throughout Riley County, 1957. 


PANICUM SCRIBNERIANUM Nash, PANICGRASS 


Leaf spot, Septoria tandilensis Speg., proved to be abundant in prairies, Butler County, 
1957. This is a new fungus record for Kansas. 


PANICUM VIRGATUM L., SWITCHGRASS 


Anthracnose, Colletotrichum graminicola (Ces.) Wils., was found in Johnson and Labette 
Counties, 1957. 

Leaf rust, Uromyces graminicola Burr., was widespread on native plants during 1957. 
Collections were made in Butler, Lyon, Morris, and Pottawatomie Counties. 


PASPALUM STRAMINEUM Nash, SAND PASPALUM 


Tar spot, Phyllachora wilsonii Orton, covered most of the leaves of a single plant in 
Pottawatomie County, September 1957. This is a new host record for Kansas. 


POA ANNUA L., ANNUAL BLUEGRASS 


Stem rust, Puccinia graminis Pers. (uredial stage), was collected in Riley County, 1957. 
This is the first record of a fungus on this host in Kansas. 


POA ARIDA Vasey, PLAINS BLUEGRASS 


Stem rust, Puccinia graminis Pers., continued to be severe on most of the clones 
of this host in the grass breeding plots at the Hays Experiment Station, Ellis County, 1956. 


POA COMPRESSA L., CANADA BLUEGRASS 


Brown stripe, Scolecotrichum graminis Fckl., proved to be widespread during 1957. 
Collections were made in Bourbon, Linn, and Riley Counties. 


POA PRATENSIS L., KENTUCKY BLUEGRASS 


Powdery mildew, Erysiphe graminis DC. ex Merat (conidial stage), was widespread. It 
was unusually severe on plants in one lawn, Cloud County, 1957. 

Fading out, Curvularia geniculata (Tracy & Earle) Boed., appeared after a prolonged hot 
spell in late June 1957. The fungus was isolated from roots of dying plants in Pawnee and 
Shawnee Counties. 

Melting out, Helminthosporium sorokinianum Sacc. ex Sorokin, was less common. A 
single isolate from dying plants in Cheyenne County was obtained during 1957. 

Stem rust, Puccinia graminis Pers., continued to be severe, particularly on Merion 
bluegrass. Collections were obtained from Riley, Sedgwick, and Smith Counties during 1957. 
Stem rust developed on irrigated bluegrass (Arboretum, Merion, and Penn 95) in the turf 
plots, Kansas State College, Riley County, 1956. 

Yellow leaf rust, Puccinia poae-nemoralis Otth. (uredial stage), was severe on many 
of the interspecific hybrids of species of Poa being tested in the turf plots, Kansas State Col- 
lege, Riley County, 1957. wat, 
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Brown patch, Rhizoctonia solani Kuehn, was noted in a single lawn, Saline County, 1957. 
Purple leaf blotch, Septoria macropoda Pass. var. septulata (Gonz. Frag.) Sprague, 
was abundant on bluegrass plants in a pasture, Franklin County, 1957. It was also found on 

Merion bluegrass in the turf plots, Kansas State College. 


Leaf smut, Urocystis agropyri (Preuss) Schroet., was found on plants in the courthouse 
lawn, Holton, Jackson County, 1957. This is a new host record for the smut in Kansas. 


SCHEDONNARDUS PANICULATUS (Nutt.) Trel., TUMBLEGRASS 


Rust, Puccinia schedonnardi Kell. & Swing. (uredial and telial stages), occurred in 
sparse amounts in Butler and Pottawatomie Counties, 1957. 


SETARIA FABERI Herrm., BRISTLEGRASS 


Gray leaf spot, Piricularia grisea (Cke.) Sacc., was collected in Atchison County, 1957. 
This is a new host record for this fungus in Kansas. 


SETARIA LUTESCENS (Weigel) Hubb., YELLOW BRISTLEGRASS 

Leaf spot, Cercospora setariae Atk., was found near St. George, Pottawatomie County, 
September 1957. This is a new fungus record for Kansas. 

Gray leaf spot, Piricularia grisea (Cke.) Sacc., occurred in abundance, Riley County, 
1957. 


SETARIA VIRIDIS (L.) Beauv., GREEN BRISTLEGRASS 


Gray leaf spot, Piricularia grisea (Cke.) Sacc., was collected in Douglas County, 1957. 


SORGHASTRUM NUTANS (L.) Nash, INDIANGRASS 


Leaf spot, Stagonospora simplicior Sacc. & Berl., was found on plants in a native prairie, 
Riley County, September 1957. Previously it had been known in Kansas only on plants in the 
grass breeding nursery at Kansas State College (5). 


SORGHUM HALEPENSE (L.) Pers., JOHNSONGRASS 


Kernel smut, Sphacelotheca cruenta (Kuehn) Potter, proved to be widespread. Collec- 
tions were made in Barber, Butler, Clark, Comanche, Kiowa, Meade, Mitchell, Montgomery, 
Morton, Norton, Stanton, and Sumner Counties. 

Covered kernel smut, Sphacelotheca sorghi (Link) Clint., was widespread but less fre- 
quent than S. cruenta. Collections were made in Barber, Clark, Cowley, Elk, Harper, 
Greenwood, and Labette Counties. 


SPARTINA PECTINATA Link, PRAIRIE CORDGRASS 


Rust, Puccinia seymouriana Arth., developed late in the season of 1957, Ottawa County. 


SPOROBOLUS ASPER (Michx.) Kunth, TALL DROPSEED 


Speckle, Selenophoma donacis (Pass.) Sprague & A. G. Johns. var. stomaticola (Bauml. ) 
Sprague & A. G. Johns., was collected in two prairies, Riley County, 1957. This is a new 
host record for Kansas. 

Rust, Puccinia vilfae Arth. & Holw. (telial stage), was sparse and local, Butler County, 
1957. 

Leaf rust, Uromyces sporoboli Ell. & Ev., was severe in a native prairie, Butler County, 
1957. 


SPOROBOLUS CRYPTANDRUS (Torr.) A. Gray, SAND DROPSEED 


Tar spot, Phyllachora vulgata Theiss. & Syd., was collected in Pottawatomie County, 
September 1957. 
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Rust, Puccinia cryptandri Ell. & Barth. (uredial stage), was abundant in Riley County, 
1956, and Lincoln County, 1957. 


SPOROBOLUS NEGLECTUS Nash, PUFFSHEATH DROPSEED 


Helminthosporium giganteum Heald & Wolf was abundant on injured foliage of the host in 
a lawn, Kansas State College, Riley County, September 1957. The grass had been injured by 
lawn mowers and by trampling. Dr. R. A. Shoemaker, Department of Agriculture, Ottawa, 
Canada, made the determination. It is a new fungus record for Kansas. 


TRIDENS FLAVUS (L.) Hitchc., PURPLETOP 


Leaf disease, Balansia epichloé (Weese) Diehl., which had been known previously from 
a single county (Riley) in Kansas, was found to be widespread in eastern Kansas. Collections 
were made in Atchison, Douglas, Geary, Pottawatomie, and Wyandotte Counties. 

Leaf mold, Curvularia geniculata (Tracy & Earle) Boed., developed on necrotic leaf 
lesions of plants in Pottawatomie County, September 1957. 

Rust, Puccinia windsoriae Schw., was collected in Douglas County, 1957. 


ZOYSIA JAPONICA Steud., JAPANESE LAWN GRASS 


Rhizoctonia solani Kuehn was isolated from the roots of dying plants in a lawn, Dickin- 


son County, 1957. This is apparently the first recordof R. solani being associated with a root 
rot of Z. japonica. 
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THE EFFECT OF DDT ON THE RUST REACTION OF SEVERAL WHEAT 
VARIETIES TO WHEAT STEM RUST 


K. R. Bromfield and R. G. Emge! 


In 1946 T. Johnson (5) reported that seedling leaves of the highly rust resistant wheat 
variety Khapli became susceptible to stem rust (Puccinia graminis var. tritici (Eriks. & E. 
Henn. ) Guyot) races 15, 17, and 56 after they had been sprayed with DDT (dichlorodipheny]- 
trichloroethane) in water. Of the resistant varieties tested, Khapli was the only one that be- 
came susceptible as a result of the treatment. Hotson (4) in 1953, using race 56, repeated 
Johnson's experiments and confirmed his results. Bromfield and Peet (2) in 1954 compared 
the rust reaction of DDT-treated and non-treated Khapli seedlings inoculated with stem rust 
races 11, 15B, 49, and 139. The DDT-treated plants were susceptible to each of the four 
races and untreated check plants were resistant, Treatment with maleic hydrazide also has 
been shown by Bromfield and Peet (2) and Samborski and Shaw (7) to render Khapli suscepti- 
ble to some races of wheat stem rust. 

To determine whether the rust reaction of varieties other than Khapli can be markedly 
altered by DDT, tests were made with 113 wheat varieties which normally are resistant to 
race 56 at 70° F or lower. 


MATERIALS AND METHODS 


The wheats used were varieties selected from the world wheat collection by the United 
States Department of Agriculture because of their potential value in breeding programs. 

Seed was provided by Dr. H. A. Rodenhiser, Chief, Cereal Crops Section, Crops Research 
Division, Agricultural Research Service, United States Department of Agriculture, Beltsville, 
Maryland, Included were 98 bread wheats, 13 durums, Timopheevi, anda Chinese-Agro- 
pyron elongatum cross. Alsoincludedfor comparative purposes was the previously tested 
Khapli emmer. The varieties tested are listed in Table 1. 

Two separate tests were made. Plants in Test 1 were inoculated on August 29, 1957; 
plants in Test 2 on September 9, 1957. If sufficient seed was available, varieties were tested 
twice. However, a limited seed supply of most varieties permitted their inclusion in only one 
of the two tests. 

Seedlings were grown in 4-inch clay pots. For each test, two pots of each variety were 
planted. The number of seeds planted varied according to the quantity available. Generally 
five to 20 seedlings emerged per pot. Seedlings were grown prior to inoculation in a rust- 
free greenhouse controlled at 70° + 2° F. 

Plants were inoculated uniformly with an urediospore-talc mixture expelled from small 
cyclone devices with compressed air (10). Wheat stem rust race 56 was used in these tests. 

Inoculated plants were placed in dew chambers (6) controlled to provide dew at an average 
air temperature of 70° F (68° - 72°). Plants were held in the dew chambers for 18 hours to 
permit infection. They were then removed and immediately placed in a greenhouse controlled 
at 68° to 70°. A temperature of 70° or less was maintained during the period of rust develop- 
ment, as certain of the varieties being tested had been shown by Bromfield (1) to become sus- 
ceptible to race 56 at temperatures of about 72° and higher, 

Forty-two hours after inoculation one pot of each variety was sprayed to the point of barely 
perceptible wetness with Mobilsol 100 (an isoparaffinic spray oil product of Socony-Vacuum 
Oil Company, Inc.) containing DDT at a concentration of 40 mg DDT per 10 ml of oil. Prelim- 
inary experiments had shown that even very heavy sprays of Mobilsol 100 alone did not influ- 
ence the stem rust reaction of Khapli to race 56; however, Mobisol solutions of DDT at concen- 
trations of 5, 10, 20, and 40 mg DDT per 10 ml of oil produced the same changes in reaction 
as had been found previously with an aqueous solution (5), 

Twelve days after inoculation infection types on both treated and non-treated plants were 
observed and recorded using the scheme of Stakman et al (9). 


1 Present address of authors: United States Forest Service, Northeastern Forest Experiment 
Station, White Pine-Hardwood Research Center, Laconia, New Hampshire; and Robert A Taft 
Engineering Center, 4676 Columbia Parkway, Cincinnati 26, Ohio, respectively. 
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Table 1. Varieties of wheat tested, 
No. Variety No.@ No, # Source 
Bread Wheats 
yb (Aquilera-Kenya 324) (Marroqui-Supremo) Kentana, 
2606 -5y-3c-ly-3c Mexico 
2 (Aquilera-Kenya x Marroqui-Supremo, 1088) 
Yaqui, 2373-14y-1c-4y-1c-ly-4m Mexico 
3 Bajio 53, (Y-Kt), 2254-1c-1c-2c Mexico 
a Cajeme 54, (Gx K - GU), 2730-1c-3y-3c Mexico 
5 Cajeme 54A, (Gx K - GU), 2730-1c-2y-3c Mexico 
6* Castelar 49-4131, Line G1-3-3-1 197663 Argentina 
7 Chapingo 52, (Kt-Y), 2587-1t-4h-1t Mexico 
8 Chapingo 53A, 2254-2c-ly-I1c Mexico 
9* Charter 158406 Australia 
10 Cinco x Newthatch-Mentana?-Kenya, P125-1c- 
3y-lm-ly Mexico 
11* Egypt 101 x Timstein, 704-ly-5y-5c-2c-l1c Mexico 
12 (Egypt Nal01-Timstein)x Mayo, 2156-2c-1c-6c Mexico 
13 (Egypt Nal01-Timstein)x Mayo, 2156-6c-4y-1c Mexico 
14* Frondoso x Kenya 2702-19 
15* Frontana x RL 2265-Redman?, RL 2520 12876 Canada 
16 Frontana - Thatcher, II-46-13 13030 Minnesota 
17 Frontana - Thatcher, II-46-53 Minnesota 
18* Gabo 12795 Australia 
19 Gabo (Kenya 324 x Urquiza), 2730-1c-ly-1lic Mexico 
20 Gabo 54A, (GxK - GU), 2730-1c-ly-7c-2y Mexico 
21 Gabo (Aquilera-Kenya) (Pilot-Marroqui), 
2949-5c-ly-6c-3y-1m Mexico 
22 Giza 139 210970 Egypt 
23 Henry 12265 Wisconsin 
24 Hope 8178 South Dakota 
25* (Ill, 1-Chinese)? x Timopheevi, Wis. 245 12633 Wisconsin 
26 Kentana 51A, 56-8c-17c-1c-54c 13150 Mexico 
27 Kentana 48 x Yaqui 48, 2587-8y-6c-ly-1l6c 
(Yaktana) Mexico 
28 Kentana 48 x Yaqui 48, 2587-8y-6c-ly-16c Mexico 
29 Kentana 48 x Yaqui 48, 2587-8y-6c-ly-3c Mexico 
30 Kentana 48 x Yaqui 48, 2588-1t-2h-5h-1h-2h Mexico 
31* Kenya 58 12471 Kenya 
32* Kenya 117A 12568 Kenya 
33* Kenya 122D.1.T. (L), RL 1373 12186 Kenya 
34 Kenya N.B. 263, J (L), C9968, Cal. 3098 117526 Kenya 
35* Kenya B286, C6042 124738 Kenya 
36 Kenya 291.J.1.1.1 177172 Kenya 
37 Kenya 318.A.J.4.A.1 12881 Kenya 
38 Kenya 338 AC. 2,E.2 (Kenya Farmer) 12880 187165-1c Kenya 
39 Kenya 341,0,.2.B.1 177183 Kenya 
40* Kenya 350 AD.9.C.2 177185 Kenya 
41 Kenya C9906, RF 324 12882 118896 Kenya 
42 Kenya x (Mentana2-Supremo), 1922-1c-2t-6h-1t Mexico 
43* Kenya x (Mentana?-Supremo), 1922-1c-2h-4h-2h Mexico 
44* Kenya 58 x Mida-Newthatch, II-45-45 13045 Minnesota 
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Table 1. (Continued) 


Variety : Source 


Kenya x Supremo 710-7c-3c-2c-1c-2c-2c Mexico 
Kenya-Gabo, 3261-3c-2c-1c-2c Mexico 
Kenya-Mentana?-Supremo, 1922-1c-2t-2h-4h-2h Mexico 
Kenya-Mentana x Rio Negro, 3293-1g-5y Mexico 
Kenya-Mentana x Rio Negro, 3293-5g-10y-7m Mexico 
Kenya-Mentana x Frontana, P225-1c-3y-2m-ly Mexico 


Kenya-Mentana x Frontana, P225-2c-4y-4m-2y Mexico 
Kenya-Mentana x-Cinco, P261-7c-ly Mexico 
Lerma 52, 461-6L-4L-2L-1L 
Lerma Rojo, (L x Y-ME*“-S), 3064-2y-2c-ly Mexico 
Mariache 205738 Peru 
Mayo 52 (E-T-M, 2156 -6c-ly-2c-l1c Mexico 
Mayo 52A (E-T-M, 2156-8c-1t-2h) Mexico 
Mexi 53, (Y-Kt), 2589-4y-2c-ly Mexico 
Newthatch Minnesota 
(Newthatch-Marroqui x Kenya-Mentana) 

Frontana, P14-ih-4h-1h Mexico 


(Newthatch-Marroqui x Kenya-Mentana) 

Frontana, P14-6h-2h-6h Mexico 
No. 43 159106-1c South Africa 
No. 466-4-M-M-M 159098 South Africa 
North Dakota No. 1, R.L. 2563-Lee, 

1578A1-6-1-1 North Dakota 
North Dakota No. 2, R.L. 2563-Lee, 

1578 Al-9-1-10 North Dakota 
North Dakota No. 3, R.L. 2563-Lee, 

1578 Al-9-1-31 North Dakota 
(R2265 x Redman’), RL 2769, CT 186, Selkirk Canada 
Red Egyptian Egypt 
Red Egyptian type 170925 Transvaal 
Renacimiento-Kenya, Texas 3708-22, Bowie Texas 


R.L. 2265-Redman® x Yaqui 50, 3265-6c-5c-1c-1c Mexico 
R.L. 2265-Redman® x Yaqui 50, 3266-3g-1y Mexico 
R.L. 2265-Redman” x Yaqui 50, 3267-6y-9y-5m-ly Mexico 
Supremo 51, 746-5c-1c-1c-28c Mexico 
Supremo 211 Mexico 
Thatcher Minnesota 
Timstein Australi& 
Timstein x Henry, II-44-65 Minnesota 
Timstein x Kenya®, 775-1c-3r-BKR1 Mexico 
Timstein-Kenya, 702-3y-2y-1lc-ly-lc Mexico 


Timstein-Kenya 58 x Gabo, 3444-ly-lm-ly Mexico 
Timstein-Kenya 58 x Gabo, 3444-7c-1c Mexico 
Toluca 53, 2254-8c-2y-2c-2y Mexico 
Toluca 54, 2254-1c-4y-3c-ly Mexico 
Veadeiro 192475 Portugal 
Yaqui 48 (Egypt 101-Timstein), 2257-15c-1c-5c -lc Mexico 
Yaqui 48 x Kentana 48, 2254-1c-4y-3c-ly Mexico 
Yaqui 48 x Kentana 48, 2254-1c-1c-2c Mexico 
Yaqui 48 x Kentana 48, 2254-4y-3c-2y Mexico 
Yaqui 48 x Kenya 58-Newthatch, 3434-2y-4m Mexico 


45 

46 
47 

48 
49 
50 
51 
52 7 
53 
54 
55 
56 
57 
58 
59 
60 
61 3 
62 
63* 4 
64 
65 
66 
67 

68* 
69 

70* 
71 
72 
73 
74 
75 
76* 
77% 
718% 
79 
80* 
81 
82 
83 
84 
85* 

86 
87 
88 

89 
90 


Table 1. (Concluded) 
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Entry 
No. Variety 


oO, : Source 


3258-2y-6c-2y-1m 
93 Yaqui 53A, 2257, 16c-ly-1c-2y-2c 
94 Yaqui x Timstein-Kenya, 2245-ly-3c-5y 


Durum Wheats 


99* Beladi 116 
100* Egypto 2100 

10% Gaza 277 

102* Golden Ball-lumillo-Mindum 

103 Ld. 308 x Nugget, Ld. 356 

104* Recio de Toledo 

105 (R.L. 1742 x Carleton*), R.L. 1714 
106 (R.L. 1742 x Carleton?) 

107* Stewart 

108* St. 464 

109 Tremez Molle 

110* Tremez Preto 

111* Tremez Rijo 


Others 


112* Timopheevi D 357-1 


113 Chinese x Agropyron elongatum Pw 327 
114* Khapli 


91 Yaqui 48 x Kenya 58-Newthatch, 3435-2y-18m-2y 
92 Yaqui (Maria Escobar“-Supremo) (Timstein-Kenya), 


Mexico 


Mexico 

Mexico 

Mexico 
7905 60599 Ethiopia 
159101 South Africa 
170915-1c South Africa 
170915-3c South Africa 


7265-5 Egypt 


192502 Portugal 
12616 Egypt 
12924-1c Canada 
13102 
191192 Spain 
13141 Canada 
13142 Canada 
12066 North Dakota 
191365 Ethiopia 
7067-1-1c Portugal 
7065 Portugal 


56257-1-lce Portugal 


94761-1 Russia 
Saskatoon 


4013 


are being made. 


eighth was the previously reported Khapli emmer, 


all other varieties were tested twice. 


sons for this discrepancy are open to conjecture, 


4C.I, or P.I, numbers have not been assigned to material from which constant reselections 


b Starred varieties included in both Test 1 and Test 2; others tested only once. 


RESULTS 


Of the 114 wheat varieties tested, eight varieties became susceptible in one or both tests 
as a result of treatment with DDT. Seven of these varieties were durum wheats while the 


None of the 98 bread wheats tested became 


susceptible as a result of treatment. The infection types on the eight varieties with altered 
reaction are given in Table 2. Of these eight varieties, Tremez Molle was tested only once; 


The reactions of Beladi 116 and Egypto 2100 were inconsistent in the two tests. In Test 
1 DDT-treated plants of both varieties gave a mesothetic reaction (infection type X) but in 
Test 2 the treated plants remained resistant and produced infection types 0; andl. The rea- 


Perhaps in Test 2 plants of Beladi and 


Egypto were sprayed with insufficient DDT to change host reaction or possibly the environmen- 
tal conditions were sufficiently different to modify the response of these varieties toDDT. In 


Test 1 the rust developed during a period of bright, sunny days but in Test 2 the majority of 
days were dull and cloudy during the period of rust development. 
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Table 2, Influence of DDT treatment on reaction of eight wheat varieties 
to stem rust Race 56. 


: $ Rust infection type 
Variety : Source " Test 1 : Test 2 

~ : DDT: NoDDT : DDT : NoDDT 
Beladi 116 Egypt x 0; tol O;to1 0; 
Egypto 2100 Portugal x 0; O;to 1 0; 
Recio de Toledo Spain 3+ 0; tol 3- 0; tol 
St. 464 Ethiopia 3- 0; tol 3- to 3 0; 
Tremez Molle Portugal -- -- 3+ 0; tol 
Tremez Preto Portugal 3 0; to 1+ 3- 0; 
Tremez Rijo Portugal X+ 0; tol 3- to 3 0; tol 
Khapli 3+ 0; tol 3 0; tol 

DISCUSSION 


Of the wheats so far tested only those inthe tetraploidseries, i.e., wheats with 14 chrom- 
osome pairs, lost resistance as a result of DDT treatment. Notalltetraploid wheats, however, 
were so affected by DDT since six of the 13 durums tested remained resistant to race 56 even 
though sprayed with DDT at a concentration sufficient to change the reaction of the other seven. 
None of the 98 varieties of wheatinthe hexaploidseries (21 chromosome pairs) lost resistance 
as a result of DDT treatment. 

Five of the DDT-sensitive varieties were introduced into the United States from the Iberian 
Peninsula and two from northeastern Africa, It is quite probable that within each group the 
varieties are closely related and that the two groups may have been derived from the same 
source, 

Although the mechanism responsible for the altered rust reaction is unknown it appears 
significant that both DDT and maleic hydrazide have been shown to increase the amino acid 
and carbohydrate content of Khapli leaves (3, 8). It seems reasonable that similar changes 
are induced in the additional "sensitive" varieties here reported. 

Further pathological and biochemical studies with the varieties now known to have their 
rust resistance altered by DDT and maleic hydrazide should yield valuable information on the 
physiology of host-parasite relationships in the cereal rusts, the nature of rust resistance in 
cereals, and the physiology of the cereal rust fungi. 
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THE USE OF CONTROLLED TEMPERATURE AND SELECTED HOSTS 
TO DIFFERENTIATE BETWEEN TWO CULTURES OF WHEAT STEM RUST 


R. G. Emge and K. R. Bromfield! 
INTRODUCTION 


For some time cereal rust workers have experienced difficulty in differentiating between 
certain isolates of races 17 and 29 of Puccinia graminis var. tritici (Eriks. & E. Henn.) Guyot. 
In general it has been observed that at temperatures of about 70°F and below mesothetic re- 
actions are obtained on the durum wheats in the standard differential variety series; thus at 
low temperatures these isolates would be called race 29. At temperatures of about 80°F sus- 
ceptible type pustules are noted on the durums; thus at high temperatures these isolates would 
be called race 17. 

In 1955 aseries of experiments were made at Fort Detrick with two cultures of wheat stem rust 
designated race 17 and race 29. The culture designated race 17 was originally obtained in 
1949 from the Federal Rust Laboratory, Institute of Agriculture, University of Minnesota, 

St. Paul, Minnesota. The culture of race 29 was provided in 1955 by Drs. H. A. Rodenhiser 
and W. Q. Loegering, Division of Cereal Crops and Diseases, Plant Industry Station, Belts- 
ville, Maryland. 

It was not possible to distinguish between the two cultures on the standard rust differen- 
tials at the recommended greenhouse temperature of about 75°F2 In order to differentiate 
between the two cultures, tests were made on the 12 standard differential varieties and 26 ad- 
ditional varieties (Table 1) at temperatures of 70°, 75°, and 80°F. 


PROCEDURE 


Seedling wheat plants grown in 4-inch clay pots were used in all tests. Approximately 15 
seeds were planted per pot to provide a minimum of ten seedlings. Seeded pots were placed 
in galvanized iron trays and watered from the bottom. Seedlings were propagated prior to 
inoculation in a rust-free greenhouse controlled to maintain an air temperature of 70°t2°F, 
Under these conditions primary leaves were about 4 inches long when inoculated 7 to 8 days 
after seeding. 

Inoculations were made by expelling urediospore-talc mixtures from small cyclone de- 
vices with compressed air. 

Jnoculated plants were placed in dew chambers at 70°t2°F and held for 16-18 hours. At 
the end of the dew period the plants were transferred to greenhouses controlled at 70°t2°, 
75°t2°, and 80°t2°F. 

Infection types were observed and recorded 10 to 14 days later, using the scheme of 
Stakman outlined in the publication previously noted. 


RESULTS 


In a series of four tests made over a 65-day period no differentiation between the two cul- 
tures could be made on the 12 standard differential varieties. At temperatures of 70° and 
75°F mesothetic infection types, typical for race 29, were produced by both cultures on the 
durums. At 80°F both cultures produced on the durums susceptible 3-type infections typical 
for race 17. The results of these four tests are presented in Table 2. 

The 26 additional varieties also were inoculated with the two cultures and placed at tem- 
peratures of 790°t2°, 75°t2°, and 80°t2°F. This test was repeated four times. From among 
these varieties five were found that produced differential reactions to the two cultures but only 
at temperatures of 75°F and lower. The reactions of these varieties are presented in Table 3. 


1 present address of authors: Robert A. Taft Sanitary Engineering Center, 4676 Columbia Park- 
way, Cincinnati 26, Ohio; and United States Forest Service, Northeastern Forest Experiment 
Station, White Pine-Hardwood ResearchCenter, Laconia, NewHampshire, respectively. 

2 Stakman, E. C., M. N. Levine, andW. Q. Loegering. 1944. Identification of physiologic races 
of Puccinia graministritici. Paper No. 2148, Sci. Jour. Series, Minnesota Agr. Exp. Sta. 
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Table 1. Wheat varieties tested as possible differentials. 


Variety C. I. Number 


Aquilera 48 a 
Bowie 13146 
China No. 163 7174 
Chino 12601 
Coronation b 
Florence 4170 
Frontana x Thatcher, II 46-64 a 
India 4545 
Kenya 338 AC. 2.E.2 (Kenya Farmer) c 
Koudiat Lignee 147665 
Lee 12488 
Loros 3779 
Mayo 52 (E-T-M 2156-6c-ly-2c-1c) a 
McMurachy 11876 
Norka 4377 
Portugal a 
Pusa No. 12 4793 
Rismendo 191477 
Selkirk 13100 
South Africa No. 50 159107 
Transvaal 170927 
Union 52 Basutoland 192002 
Webster 3780 
Willet 13099 
Yaktana (2587-8y-6c-ly-16c) a 
Yaqui (3258-2y-6c-2y-1m) a 


@C. 1. or P.I. number not known ~BCanadian R. L. No. 1005 
No. 187165-IC 


Table 2. Comparison of the standard infection types for races 17 and 29 and the infection 
types produced at 3 temperatures by cultures designated "race 17" and "race 29" 


Standard :Infection types from =: Infection types induced by cultures at 3 temperatures® 
differential :rust key of Stakman_ : : : 
variety  :and Levine 75t2°F 80t2°F 


:Race 17 Race 29 : “Race: "Race : : "Race : "Race "Race 
: : 7"; : 2" : 29" 


Little Club 4 
Marquis 4- 
Reliance ; 0 
Kota 3 
Arnautka X++ 
Mindum X+ 
Spelmar X+ 
Kubanka x 
Acme X+ 
Einkorn 3 
Vernal 1- 
Khapli 1- 


4 


oo ww 


So ew 


i 
1 1 


3 Based on 10 to 15 seedling leaves of each variety in each test 
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BO°F 


FIGURE 1. Typical reactions 
of Bowie wheat inoculated with culture of 
race 17 and held at temperatures of 70°, 
75°, and 80°F. 


Table 3. Infection types produced on five wheat varieties by two cultures of wheat 
stem rust at three temperatures? 


Variety : Greenhouse Temperature 
75t2°F SC: 80t2°F 
"Race : "Race : "Race : "Race 
iv” 29" : 29" 


Bowie 0; 1 
Mayo 52 x 
McMurachy 0 
Selkirk x x 
South Africa No. 50 0;1 X- 


*Based on 10 to 15 seedling leaves of each variety in each test 
DCN indicates chlorosis and necrosis associated with uredial pustules 


Of these five varieties Bowie gave the sharpest differential reaction, especially at a temper- 
ature of 70°F. 

Figure 1 shows a typical set of leaves of the variety Bowie held at temperatures of 70°, 
75°, and 80°F after inoculation with the culture designated race 17. A similar set of leaves 
infected with the culture designated race 29 would show susceptible type pustules at all three 
temperatures. 
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CONTROL OF STEM RUST OF WHEAT WITH ANTIBIOTICS! 
Il, SYSTEMIC ACTIVITY AND EFFECTIVENESS 
OF DERIVATIVES OF CYCLOHEXIMIDE 


V. R. Wallen? 
Abstract 


Antibiotic activity of the oxime, acetate, andsemicarbazone deriva- 
tives of cycloheximide (Acti-dione) was detected in wheat seedlings supplied 
with these chemicals while the plants were growing in quartz sand. The ace- 
tate and semicarbazone showed more systemic activity than the oxime. In 
field tests with two spray applications, the first at heading and the second 2 
weeks later, the above derivatives and the methylhydrazone and thiosemi- 
carbazone derivatives effectively controlled stem rust and caused signifi- 
cant increases inyield. Antibiotic activity was present for at least 2 weeks 
following the second spray application. Allderivatives, when employed 
as aspray at150ppm, causeda slight to moderate leaf necrosis. 


In preliminary trials in 1954 cycloheximide (Acti-dione) (5) showed promise as a fungi- 
cide for the control of stem rust (Puccinia graminis) of wheat. During that year a heavy rust 
infection on the susceptible variety Garnet seriously affected yields in control plots. Cyclo- 
heximide at certain concentrations effectively controlled rust, and the yields in some cyclo- 
heximide-treated plots were considerably higher than in the control plots. The usefulness 
of the antibiotic to control rust was partially offset by its phytotoxicity in the form of a tip- 
burn and dieback. Since that time a number of derivatives of cycloheximide have been de- 
veloped that may prove to be as effective as the parent material and less phytotoxic. 

The systemic activity of cycloheximide was first shown by Wallen and Millar (6). They 
demonstrated that the antibiotic could be taken up through the roots of wheat seedlings and 
translocated to tissues present at the time of application. It was also shown that the anti- 
biotic, when applied as a spray, could be absorbed by leaf tissue. The antibiotic activity 
was demonstrated by a bio-assay method and the presence of the antibiotic in the wheat plant 
was indicated when paper chromatography was employed. The systemic activity of cyclohexi- 
mide derivatives was first noticed by Hamilton et al. (2) when they discovered that the oxime 
protected cherry leaves from the leaf spot organism. Hacker and Vaughn (1) maintained that 
the semicarbazone of cycloheximide produces a pre-infection resistance of wheat to stem 
rust that persists for the life of the plant. 

The following paper presents the results of an investigation of the systemic activity of 
a number of derivatives of cycloheximide together with the results of their effectiveness in 
field trials for the control of stem rust of wheat. 


LABORATORY TESTS 


Oxime, semicarbazone, and acetate derivatives of cycloheximide were dissolved in 2 ml 
of dimethyl sulfoxide, then diluted to 100 ppm in water. Garnet wheat seedlings grown in 
quartz sand in the greenhouse were watered with these preparations three times, 48 hours 
apart 1 week after the seedlings had emerged. Forty-eight hours after the final application 
to the quartz sand, the seedlings were excised at the soil line and assayed for antibiotic ac- 
tivity by direct plating and tissue extraction procedures previously described (6). Young 
plants were excised at weekly intervals for a period of 7 weeks after the final application of 
antibiotic and were assayed for activity. The seedlings were washed in tap water, treated 
overnight in propylene oxide, and then plated on assay agar. Where chloroform extracts 
were used, filter paper disks were immersed in the extracts until saturated, then air dried 
and transferred to assay agar in Petri dishes freshly seeded with Saccharomyces pastorianus 


1 Contribution No. 1661 from the Botany and Plant Pathology Division, Science Service, Canada 
Department of Agriculture, Ottawa, Ontario. 


2 Plant Pathologist. 
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Hansen. After 24hours all Petridishes were examined for zones of inhibition surrounding 
the seedlings. 

Results of these tests (Table 1) demonstrate that the acetate and semicarbazone deriv- 
atives are absorbed by the root system and translocated throughout the tissues of wheat 
seedlings. The oxime could be detected by the direct plating method 2 days after the final 
application, but all the activity was at the base of the seedling. No activity could be detected 
after 2 days. The acetate of cycloheximide was absorbed rapidly and translocated through- 
out the seedling. Active extracts were obtained for a period of 3 weeks after the final appli- 
cation. At 100 ppm the acetate appeared to be more phytotoxic than either the oxime or semi- 
carbazone and larger zones of inhibition were obtained with this chemical. Owing tothe phyto- 
toxicity of the acetate derivative, no acetate-treated seedlings were available after 21 days. 
Seedlings supplied with the semicarbazone showed activity for the 6-week period of the test, 
although wide differences in the zones of inhibition occurred with individual plants. It was 
also noted that the direct plating technique was more sensitive than the chloroform extrac- 
tion technique as zones of inhibition were in general larger and activity could be detected 
over a longer period of time. 


Table 1. Widths of zones of inhibition produced by plants and chloroform extracts of 
plants that were supplied with derivatives of cycloheximide at various times 
before they were plated on agar seeded with Saccharomyces pastorianus. 


Derivatives of cycloheximide 


Acetate? Oxime Semicarbazone 
Days after : Plant : : Plant 
treatment : Plant : extract : Plant : extract : Plant : extract 
2 41,0> 27.0 13.5** 0.0 30.5 21.0 
5 22.5 28.5 0 0 12.8 tr 
14 24.0 29.5 0 0 10.0 0 
21 23.5 24.5 0 0 19.5 10.0 
28 * -* 0 0 30.0 10.5 
35 - - 0 0 32.0 0 
42 -* Od 0 0 14.5 0 


“Derivatives were diluted to 100 ppm. 
baverage diameter of zone of inhibition of 2 replicates (mm). 
*Plants dead, could not be used for assay. 

** Zone of inhibition present around base of seedlings only. 


FIELD TRIALS 


Because the laboratory tests indicated that the oxime, semicarbazone, and acetate deriva- 
tives of cycloheximide became systemic in wheat seedlings these chemicals were tested in 
concentrations of 50,100, and 150 ppm in the field for the control of stem rust of wheat. 
Methylhydrazone, thiosemicarbazone, and semicarbazone plus 10% glycerine derivatives 
were similarly tested at the above concentrations. Cycloheximide at 30 ppm was also inclu- 
ded in this experiment. 

A randomized block consisting of 80 plots, each 1/200 acre in area, was sown with Gar- 
net wheat in late May. The antibiotics were sprayed on the plots, four plots receiving the 
same treatment, when the plants were heading and again 2 weeks later. All plots were sprayed 
at the rate of 40 gallons (U.S.) to the acre by means of a mobile tank sprayer equipped with 
a 6-foot boom and Monarch spray nozzles. 

Plants were rated for stem rust severity according to Peterson's scale (4) and the fig- 
ures are shown in Table 2. Control plots were rated at 76 percent (average of four plots) and 
all gradations of control existed among the various treatments. Plants sprayed at 100 and 
150 ppm with the semicarbazone were almost free of pustules and were rated at 5 percent. 

One week after the first spray application, notes were taken on Phytotoxicity. The ra- 
tings are shown in Table 2. In general most sprays at 150 ppm were slightly phytotoxic as 
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evidenced both by a leaf necrosis and a significant reduction in the yield below that of plants 
sprayed with 50 ppm. 

At intervals of 48 hours, 1 week, and 2 weeks after the second spray, leaves were ex- 
cised from the plants, cut into sections approximately 2 inches long and plated on seeded 
assay agar. Twenty-four hours later the systemic activity was recorded in terms of the pres- 
ence or absence of inhibition zones. As indicated in Table 2, plants sprayed with the acetate, 
semicarbazone, methylhydrazone, and thiosemicarbazone showed activity at 50, 100, and 
150 ppm. Activity could be detected only at 150 ppm in the oxime-sprayed plants. No activ- 
ity could be detected by our methods in plants sprayed with cycloheximide at 30 ppm or in 
plants sprayed with the semicarbazone with the addition of glycerine. 

From the yield data it can be seen that with most treatments a significant increase in 


yield occurred. Cycloheximide at 30 ppm, and some of the derivatives at 150 ppm, did not 
show significant increases in yield. 


Table 2. Effects of spraying rust susceptible wheat with cycloheximide and its derivatives. 


<Concen- :Phyto-  :Systemic activityD :Yield© Rust 
Treatment ‘tration :toxicity?: 48 :1 : 2 : (gm): rating 
hours : week: weeks : : (percentd) 


Control 2699.5 


* 
Oxime 3412. 2. 
Oxime 3452.2 
Oxime 3274.75 


* 
Acetate 3494.5 
Acetate 3294.75 
Acetate 3095.75 


* 
Semicarbazone 3406. 75 
Semicarbazone 3427. 
Semicarbazone 3341.5 


* 
Methylhydrazone - 3431. 
Methylhydrazone 3235.5 
Methylhydrazone 3102.0 


Thiosemicarbazone 3373.3 
Thiosemicarbazone 3331.75 
Thiosemicarbazone 3148.2 


* 
Semicarbazone + 10% glycerine 3405. 
Semicarbazone + 10% glycerine - 3280.0 
Semicarbazone + 10% glycerine . 2989.5 


Cycloheximide 2975.7 


4Phytotoxicity rating; 0 no evidence; 1 slight leaf necrosis; 2 moderate leaf necrosis; (Aver- 
age of 4 replicates). 

Pactivity indicated by +, if one or more of four replicates showed activity. 

Average of 4 replicates. 

daverage of 4 replicates, Peterson's scale. 

*Significant increase in yield at 5% level. 
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DISCUSSION OF RESULTS 


The foregoing experiment shows that certain derivatives of cycloheximide may be ab- 
sorbed by roots and become systemic within wheat seedlings, and they can be absorbed by 
leaf tissue and protect a susceptible wheat variety from infection by the stem rust organism. 
These facts were further illustrated by significant increases in yield. 

Phytotoxicity has not been mentioned as a limiting factor in previous publications deal- 
ing with the effect of cycloheximide derivatives on various crops. Symptoms of phytotoxicity 
on wheat took the form of a leaf necrosis, and all derivatives tested, when employed as a 
spray at 150 ppm, produced this symptom. In spite of the fact that plots sprayed with 150 
ppm produced significantly less yields than plots sprayed at 50 ppm, the yields of these plots 
were in some cases significantly higher than those of control plots. It would appear from the 
foregoing results that the optimum concentration for effective stem rust control lies some- 
where near 50 ppm or lower and at the rate of approximately 40 gallons per acre. 

Systemic activity undoubtedly plays an important role in this control. As maintained by 
Hacker and Vaughn (1) and confirmed here in laboratory tests, the semicarbazone remains 
active in the plants for at least 6 weeks. Our success in obtaining active extracts from plants 
supplied with various derivatives by means of chloroform, when the majority of the derivatives 
are not soluble inchloroform, adds proof to the postulation of Lemin and Magee (3) that the anti- 
fungal activity of cycloheximide derivatives, particularly the acetate, is due to free cycloheximide 
released in the plant after absorption of cycloheximide acetate. It is quite possible that cy- 
cloheximide, which is chloroform soluble, was extracted in our tests. 

Since effective stem rust control was accomplished with only two sprays during the grow- 
ing season these chemicals may have a place when stem rust control is needed. It remains 
to be seen how effective they will be under severe epidemic conditions. 

The author is indebted to the Upjohn Company, Kalamazoo, Michigan, for generous sup- 
plies of the cycloheximide derivatives and to Miss Angela Wallace, William Bell, and Ronald 
Sharp for technical assistance. 
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CORRELATION BETWEEN LABORATORY COLD TESTS 
AND FIELD STANDS OF CORNI 


Paul E. Hoppe2 


The experiments reported here were conducted at Madison, Wisconsin, in 1957, and show 
correlations obtained between seed-corn germination results in laboratory cold tests and sub- 
sequent field stands. 

The studies were made on seed samples originally treated with a fungicide by hybrid pro- 
ducers and submitted to the Wisconsin Seed Certification Service for certification. The 
samples varied in age from lots produced in 1952, to some from the current 1956 crops, with 
a majority being 2- and 3-year carry-over seed. All laboratory and field tests were made 
in three 50-kernel replications. 


LABORATORY TESTS 


After making standard germinations at room temperature, seed from each sample was 
re-treated with the maximum amount of Arasan (50%) that would adhere to the kernels with- 
out the use of sticking agents. Germination ''cold' tests by the rolled towel technique were 
made on the seed as originally treated by the producers and on re-treated seed. Incubation 
was at the low temperature of 10° C for 10 days followed by 3 days at room temperature, 
after which the germination data were taken. 


FIELD TEST 


Included in the 73 samples selected for the field trial were representatives which, in the 
laboratory cold tests of originally treated seed, gave respectively poor, intermediate, and 
excellent germination. The field planting, made May 8, in paired 4-foot rows, involved a 
comparison of the seed as originally treated by the producers with seed from the same 
samples after re-treatment with excess captan (Orthocide). Planting was followed by 3 weeks 
of cold, wet 'seedrot" weather, ideal for a good field "cold test'' (see Figure 1). Stands 
were recorded in mid-June when healthy survivors had reached the three- to four-leaf stage. 


RESULTS 


Data for the laboratory and field tests, including the statistical correlations, are given 
in Table 1. The laboratory and field data for samples that rated excellent in the laboratory 
cold tests are separated in Table 2, and those for the poor and intermediate lots in Table 3. 

The results showed, principally, 1) a high correlation between laboratory and field re- 
sults, 2) further evidence that laboratory cold tests enable the detection of inferior seed 
quality not so apparent in standard germination tests, and 3) exceptional field responses to 
good seed treatment. 


Statistical Correlations: The r-values calculated for the correlation between germina- 
tion in the laboratory cold tests and field stands, for the original treatments and for re- 
treated seed, were 0. 867 and 0.837, respectively. A value of 0.301 was sufficient for the 
1 percent level of significance. Without question, these extremely high correlations were 
due to the severe "seedrot"’ weather encountered in the field. 


Inferior Seed Quality Associated with Age of Seed: Analysis of the data for the year of 
production showed that seed quality deteriorated with age, as indicated both in the laboratory 
and field tests for the original treatments, for the re-treated seed, and to a lesser extent in 
the standard laboratory germinations (Table 1). Thus, for the re-treated samples where the 
influence of extraneous factors is reduced, the average germination in the laboratory cold 
tests dropped from 97.5 percent for seed produced in 1955 to 48.3 for 1952 seed. Stands in 


1Cooperative investigations of the Crops Research Division, Agricultural Research Service, 
United States Department of Agriculture, andthe Wisconsin Agricultural Experiment Station. 
2Pathologist, Crops Research Division, Agricultural Research Service, United States Depart- 
ment of Agriculture, and the Wisconsin Agricultural Experiment Station. 
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Standard germination, laboratory cold test germination, and field stands of 
corn as originally seed-treated with a fungicide by hybrid producers, and 
after re-treatment with Arasan or captan, of samples submitted for certi- 
fication to the Wisconsin Seed Certification Service. (Average percent from 
three 50-kernel replications. ) 


: seedwas : Standard : Original : Re-treated : Original : Re-treated 


Year : Cold test germ. Field Stands 


Seedlot rmination : treatment : (Arasan) : treatment : (captan) 
Check 1956 - - 97 
2595 1952 79 23 33 40 41 
3783 91 20 48 37 74 
2604 82 26 26 38 51 
4015 91 27 66 27 65 
4016 92 15 62 24 68 
4017 88 13 57 17 58 
4018 76 9 51 18 61 
4012 92 2 49 49 83 
4013 92 1 51 48 82 
4014 88 2 45 25 67 
Cc 93 89 3 27 20 79 
Average 1952 87.9 12.3 48.3 32.2 67.0 
C 84 1953 97 92 93 78 85 
742 81 12 50 51 74 
739 95 4 58 44 79 
796 98 21 45 69 85 
721 97 21 46 36 68 
718 97 15 59 74 94 
c189 96 92 96 95 95 
782 87 6 15 37 55 
C177 - 92 87 86 91 
5230 66 8 22 18 37 
783 87 6 16 43 54 
1038 - 16 41 59 89 
120 93 25 54 43 69 
C386 91 5 54 37 66 
C545 85 11 52 18 66 
C614 95 21 65 42 75 
C408 93 4 36 33 74 
C349 87 14 46 32 62 
C348 95 16 58 40 67 
C347 96 16 58 47 75 
C401 90 7 42 27 70 
Average 1953 90.8 24.0 52.0 48.0 72.9 
Cc 80 1954 97 93 94 93 93 
2529 98 16 52 47 90 
4720 - 9 91 27 91 
1290 95 24 46 73 83 
4722 - 4 92 31 95 
1079 98 95 98 92 93 
2098 98 10 96 63 93 
4011 95 3 77 47 86 
P975 100 57 94 78 89 
C203 96 92 96 85 96 
2267 97 53 96 65 96 
C222 95 94 94 96 94 
731 97 32 78 65 75 
2205 97 65 91 82 93 
750 79 1 25 44 56 
736 97 72 85 85 90 
C249 96 22 96 73 87 
3357 95 91 95 88 95 
C248 95 20 98 76 91 
2616 98 96 97 95 96 
C242 90 7 97 61 93 
3370 98 95 96 83 95 
550 97 25 68 58 84 
C241 96 14 97 69 90 
2294 97 94 97 96 94 
C322 90 15 36 22 45 
M363 97 97 94 88 93 
M357 98 99 98 90 90 
C106 96 13 92 53 88 
Average 1954 95.6 48.6 85.0 69.8 88.1 
2281 1955 96 97 97 96 99 
2276 98 96 94 93 97 
2120 99 97 100 95 97 
P936 99 34 93 55 89 
709 98 96 100 92 98 
708 98 97 99 92 96 
2279 97 32 96 78 98 
712 98 97 97 93 96 
711 97 98 100 92 97 
M393 97 91 97 94 97 
Average 1955 97.7 83.5 97.3 88.0 96.4 
M303 1956 97 95 98 96 92 
Correlations: Significant 
Coefficient at 1% level 
Cold tests and field stands of originally treated seed. 0.863 0.301 
Cold tests and field stands of re-treated seed. 0. 837 0. 301 


@Non-treated 
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Table 2. Germination in laboratory tests and field stands of samples 
showing excellent germination (over 90 percent) in the laboratory 
cold tests before re-treatment (data from Table 1). 


: Cold test germ. : Field Stands 
: Standard : Original : Re-treated : Original : Re-treated 
Seedlot : germination : treatment : (Arasan) : treatment : (captan) 
3357 95 91 95 88 95 
M393 97 91 97 94 97 
C177 = 92 87 86 91 
C 84 97 92 93 78 85 
C203 96 92 96 85 96 
C189 96 92 96 95 95 
Cc 80 97 93 94 93 93 
C222 95 94 94 96 94 
2294 97 94 97 96 94 
3370 98 95 96 83 95 
1079 98 95 98 92 93 
M303 97 95 98 96 92 
2276 98 96 94 93 97 
2616 98 96 97 95 96 
709 98 96 100 92 98 
M363 97 97 94 88 93 
712 98 97 97 93 96 
2281 98 97 97 96 99 
708 98 97 99 92 96 
2120 99 97 100 95 97 
711 97 98 100 92 97 
M357 98 99 98 90 90 
Average 97.2 94.9 96.2 91.3 94.5 


the field from 1955 seed averaged 96.4 percent, compared with 67.0 percent for seed from 
the 1952 crop. Decreases occurred in each of the intervening years. 


Seed Treatment Responses: The exceptional responses in the field to proper seed treat- 
ment of non-treated seed, and of lots which in the laboratory tests were found to have been 
poorly treated by the producers, must also be attributed to the 'seedrot" weather following 
planting. Stands from the non-treated control averaged 52.0 percent, compared with 97.0 
percent when treated with captan (Table 1). The average stand of the 51 originally treated 
lots which were poor to intermediate in the laboratory cold tests increased from 46.5 percent 
to 76.0 percent when re-treated with captan (Table 3). That the captan-treated lots germin- 
ated no higher than 76 percent here was due largely to the inferior quality of the old seed, 
which cannot be corrected with seed treatment. 


COMPARISON OF 1956 AND 1957 RESULTS 


These results are more striking than those reported from a similar study? in 1956. The 
r-values calculated for a comparison of germination in the laboratory cold tests and field 
stands, for the original treatments and for re-treated seed, in 1956, were 0. 636 and 0. 673, 
respectively. In 1957 these values, in the same order, were 0.863 and 0. 837. 

The increase in field stands in 1956, following the re-treatment of the poor to intermedi- 


ate lots of seed with captan, averaged 8.4 percent as compared with 29.5 percent for similar 
material in 1957. 


SHoppe, Paul E. 1956. Correlation between corn germination in laboratory cold tests and stands 
inthe field. Plant Dis. Reptr. 40: 887-889, illus. 
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Germination in laboratory tests and field stands of samples 
giving poor to intermediate germination (1 to 72 percent) in the 
laboratory cold tests before re-treatment (data from Table 1). 


Seedlot 


: Cold test germ. : Field Stands 
: Standard : Original : Re-treated : Original : Re-treated 
: germination : treatment : (Arasan) : treatment :  (captan) 


750 
4013 
4014 
4012 
C 93 
4011 
C408 

739 
4722 
C386 


782 

783 
C401 
C399 
C242 
5230 
4018 
4720 
2098 
C545 


742 
4017 
C106 
C349 
C241 
C322 
718 
4016 
1038 
2529 


C348 
C347 
3783 
C248 
796 
721 
C614 
C249 
2595 
1290 


2604 
4015 

731 
2279 
P936 
2267 
P975 
2205 

736 


Or 


Average 


370 VO) 
79 25 44 56 
92 51 48 82 
88 45 25 67 
92 49 49 83 
89 27 20 79 
95 77 47 86 
93 36 32 78 
95 58 44 79 
- 92 31 95 
91 54 37 66 
87 15 37 55 q 
87 16 43 54 j 
90 42 27 70 
95 66 43 75 
90 97 61 93 
66 22 18 37 
76 51 18 61 
- 91 27 91 
98 1 96 63 95 
85 1 52 18 66 
81 12 50 51 74 
88 13 57 17 58 
96 13 92 53 88 
87 14 46 23 58 
96 14 97 69 90 
90 15 36 22 45 
97 15 59 74 94 
92 15 62 24 68 
- 16 41 59 89 
98 16 52 47 90 
95 16 58 39 73 
96 16 58 40 80 
91 20 48 37 74 
95 20 98 76 91 
98 21 45 69 85 
97 21 46 36 68 
95 21 65 42 75 
96 22 96 73 87 
79 23 33 40 41 
95 24 46 73 83 
82 26 26 38 51 
91 27 66 27 65 
97 32 78 65 75 
97 32 96 78 98 
99 34 93 55 89 
97 53 96 65 96 
100 57 94 78 89 
97 65 91 82 93 
97 72 85 85 90 
| 91.5 17.7 60.7 46.5 76.0 
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FIGURE 1. (See page 372) 
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Regardless of the differences between years as reported above, examination of the data 
shows that in either year the samples with poor germination in the laboratory cold test also 
had poor field stands, while those with good germination produced excellent field stands. 

It is logical to conclude that with the superior fungicides now available for seed corn, 
even greater benefits from treating the seed can be realized in the future than those reported 
in the past. This is indicated in the field responses noted at Madison in the past 2 years 
when seed was adequately treated with captan. 


CROPS RESEARCH DIVISION, AGRICULTURAL RESEARCH SERVICE, UNITED STATES 


DEPARTMENT OF AGRICULTURE, AND THE WISCONSIN AGRICULTURAL EXPERIMENT 
STATION 


FIGURE 1. Field responses to corn seed treatment at Madison, 
Wisconsin, in 1957. A -- Stand from untreated, vigorous 1956 seed 
(front row) and when treated with captan (rear); B -- Stand from carry- 
over seed poorly treated by a producer (front row) and when re-treated 
with captan (rear); C -- Stand from carry-over seed from a producer 
who adequately treated the seed (front row) and when re-treated with 
captan. Note differences in seedling vigor between properly treated 
and poorly or untreated lots in Figures A and B. (See page 371) 
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THE OCCURRENCE OF SOUTHERN RUST AND 
OTHER CORN DISEASES IN INDIANA IN 1957! 


A. J. Ulistrup2 


Southern corn rust, incited by Puccinia polysora Underw., was found in southwestern 
Indiana on October 2, 1957. The rust was present in many fields in Knox, Daviess, Greene, 
and Owen Counties, but the degree of infection on individual plants was very mild. Telia as 
well as uredia were observed in several fields. Urediospores were viable, as evidenced by 
their ability to incite typical symptoms of the disease when inoculated onto susceptible corn 
seedlings in the greenhouse. On an earlier trip, made September 3 to 4 through the same 
general area, the rust was not found although a particular search was made for it. This re- 
port is the second of the occurrence of southern corn rust in Indiana? and is the first record 
of the development of the telial stage of the fungus in the State. The collection made in Owen 
County, which is on a latitude about 30 miles south of Indianapolis, is the farthest north that 
the disease has been found in Indiana to date. 

Northern corn leaf blight (Helminthosporium turcicum Pass.) was widely distributed in 
southern Indiana by the first week in September; and in a few late-planted fields in the Ohio 
River bottom, moderate losses in yield could be expected as a consequence of destruction of 
functional leaf area. Observations in some of the same fields made in early October showed 
a marked increase in severity of the disease. The increase in.infection during this period 
probably had little effect on yield, since most corn was fully mature by the end of September. 

Southern corn leaf blight (H. maydis Nisik. & Miyake) became abundant in localized areas 
in south central Indiana by August 15. In early September the disease was found 25 miles 
north of Lafayette, which is the northernmost point that the disease has ever been observed 
to occur naturally in the State. 

Although losses from these leaf blights were very small, the amount of potential inocu- 
lum that will overwinter is greater than in any year since 1951. With favorable environment, 


both northern and southern corn leaf blight may become prevalent and severe in Indiana in 
1958. 


DEPARTMENT OF BOTANY AND PLANT PATHOLOGY, PURDUE UNIVERSITY, 
LAFAYETTE, INDIANA, AND CROPS RESEARCH DIVISION, AGRICULTURAL 
RESEARCH SERVICE, UNITED STATES DEPARTMENT OF AGRICULTURE 


1 Cooperative investigation of Crops Research Division, Agricultural Research Service, United 
States Department of Agriculture, and the Purdue University Agricultural Experiment Station. 

2 Pathologist, Crops Research Division, Agricultural Research Service, United States Depart- 
ment of Agriculture. 

3 Ulistrup, Arnold J. 1950. Corn Diseases in Indiana in 1949, Plant Dis. Reptr. 34:98-99. 
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AN ESTIMATE OF THE INCIDENCE OF CORN SMUT AND OF THE EFFECTS 
OF THE DISEASE ON YIELDS IN INDIANA IN 1957! 


Timothy A. Gaskin and A, J. Ulistrup? 


Many of the estimates of disease losses in field crops are, by necessity, sheer guesses 
and not based on quantitative data. To provide information on the total loss sustained by corn 
due to common smut (Ustilago maydis), a study of the severity and prevalence of the disease 
was undertaken, 

An evaluation of the effect of size and location of smut galls on the yield of individual 
plants was made in three widely separated fields in Tippecanoe County, Indiana, in 1957. 

Six disease classes were used in the study: 1) Tassel galls (major portion of tassel involved); 
2) large galls above the ear (in excess of 2 inches in diameter); 3) small galls above the ear; 
4) large galls below the ear; 5) small galls below the ear; and 6) galls on the ear. In each 
field 20 ears from plants in each disease class (one ear per plant) were harvested and tagged. 
For each ear harvested from a smutted plant an ear from a healthy plant, 3 to 4 feet away 
from the diseased plant, was also harvested and tagged. All ears were dried to constant 
weight. The difference in weight between the two ears of each pair was considered as an 
effect of infection by smut. The results of these findings are presented in Table 1. 


Table 1. Percent loss in weight of ears in relation to size and 
location of galls in three fields in Tippecanoe County, 
Indiana, in 1957. 


Percent loss in weight of ears from 
smutted plants compared 
with ears from healthy plants 
Disease class : Field A : Field B : Field C : Average 


Tassel galls 6** 64, 
Large galls above ear 44. 
Small galls above ear 0 12. 
Large galls below ear ~i* 31. 
Small galls below ear . 2* 12, 
Ear galls 90. 


*Significant loss at .05 level **Significant loss at . 01 level 
2 No data taken 


As can be seen from the data, important losses were incurred by ear galls, tassel galls, 
and large galls above the ear in all the fields. In one field (Field B) all galls caused statisti- 
cally significant losses regardless of size or position, In general, large galls caused more 
loss than small galls and galls above the ear caused more loss than galls below the ear, These 
results are similar to those of Johnson and Christensen”, 

In a survey of the incidence of corn smut, a total of 107 fields in 33 of the 92 counties in 
Indiana were examined. These were located in the northern, central, southwestern, and south- 
eastern sections of the State. The size of the sample on which prevalence was based varied 
from 500 to 1000 plants in each field. The average total incidence of smut of all gall classes 
was 0, 82 percent, with a range from 0.0 to 7.0 percent in different fields. The incidence of 


1 Journal Paper No. 1203, Purdue University Agricultural Experiment Station, Lafayette, Indi- 
ana, Cooperative investigations of the Crops Research Division, Agricultural Research Service, 
United States Department of Agriculture, and the Purdue University Agricultural Experiment 
Station. 

2 Research Assistant, Dept. of Botany and Plant Pathology, Purdue University, and Plant 
Pathologist, Crops Research Division, Agricultural Research Service, United States Depart- 
ment of Agriculture, respectively. 

3 Johnson, I. J. and J. J. Christensen. 1935. Relation between number, size, and location 
of smut infections to reduction in yield of corn. Phytopathology 25: 223-233, 
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Table 2. The average percentage loss in yield sustained by indi- 
vidual plants in relation to size and location of smut 
galls; the incidence of the disease classes; and the 
calculated total loss attributable to each category. 


Average Calculated 
loss Incidence total loss 
Disease class (%) 


Tassel galls 64.6 
Large galls above ear 44,2 
Small galls above ear 12.7 
Large galls below ear 31.7 
Small galls below ear 12.0 
Ear galls 90.2 


Total 


* 95 percent confidence interval = 0, 54 to 1.10 


disease class is presented in Table 2, where the total loss due to corn smut is calculated by 
multiplying the incidence of each disease class by the loss due to that category, as determined 
by the evaluation study shown in Table 1. 

Experienced observers of the corn crop in Indiana would judge the incidence of corn smut 
in 1957 to be average or slightly less than average. An estimated loss of 0.41 percent ina 
230-million bushel crop, which is an approximation of the most recent 10-year average of 
corn production in Indiana, would amount to about 943 thousand bushels. 

This is a preliminary study, and further work is contemplated on both the effect of 
smut on yield of individual plants and on the incidence of the disease in Indiana. 


DEPARTMENT OF BOTANY AND PLANT PATHOLOGY, PURDUE UNIVERSITY, LAFAYETTE, 


INDIANA, AND CROPS RESEARCH DIVISION, AGRICULTURAL RESEARCH SERVICE, UNITED 
STATES DEPARTMENT OF AGRICULTURE 
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PRELIMINARY STUDIES ON THE HOST RANGE OF STRIGA ASIATICA! 


R. BR. Nelson” 
INTRODUCTION 


Since the discovery of witchweed, Striga asiatica (L.) Kuntze, parasitic on corn in North 
Carolina in 1956 (1), a number of research investigations have been undertaken to determine 
the behavior and growth habits of the parasite under conditions that prevail in this country, 
with special emphasis on ultimate control or containment of the parasite. Host range appears 
to be one of the important factors affecting the geographic distribution and prevalence of S. 
asiatica (3, 4). During past years, investigators in other countries have reported a total of 
63 plant species as hosts of Striga asiatica. Fifty-six of the reported hosts are members of 
the Gramineae, of which 24 species are indigenous to the United States (Table 1). Inaddition, 
seven species from other plant families have been listed as hosts, four of which occur in this 
country. The principal objective of the present studies was to test a large number of culti- 
vated and wild species for their susceptibility to witchweed. Many of the weed species tested 
may occur on a national scale but were included in these studies because of their prevalence 
in the Southeastern United States. Other species tested, for the most part, occur in sections 
other than the Southeastern United States. An attempt was made, in so far as possible, to 
screen plant species occurring in this country that had previously been reported as hosts of 
S. asiatica, to determine whether the form of the parasite present in the United States and 
that in the Eastern Hemisphere differ or are similar in host specificity. 


METHODS AND MATERIALS 


Approximately 400 horticultural varieties and selections, representing 144 plant species 
in 29 families, were tested for their reaction to witchweed. The 144 species included 67 
species in 29 genera of the Gramineae and 77 species in 57 genera of other families. Each 
species was tested in 6-inch pots of soil obtained from infested fields and in 6-inch pots of 
sterilized soil to which seed of witchweed was added at the time of planting. Soil tempera- 
tures were maintained at approximately 32° C, optimum or near optimum for germination of 
seed of witchweed (2). The experimental design consisted of two replicates at three time 
intervals. Each replicate included the testing of each species in two 6-inch pots of infested . 
soil and in two 6-inch pots of sterilized soil to which seed of witchweed was added. Conse- 
quently, each species was tested in a total of 24 6-inch pots. Since S. asiatica is an obligate 
parasite, the appearance of the weed above the soil was taken to indicate that the species in 
question was susceptible. Each species considered to be a host in these studies was con- 
firmed at least once. 


RESULTS OF EXPERIMENTAL INVESTIGATION 


To date, 45 species in 26 genera of the Gramineae have been found to be susceptible to 
witchweed (Table 1). They include a variety of economic and wild hosts that occur commonly 
throughout the United States. Twenty-two species of the Gramineae were not attacked in the 
present tests (Table 2). They include 12 species of Agropyron, Agrostis, Avena, Hordeum, 
and Poa, genera in which other species have been parasitized by witchweed. They include 
also single species of the genera Phleum and Triticum, as well as six species and varieties 
of the genus Festuca. Triticum aestivum (wheat) was the only gramineous species tested that 
had previously been reported as a host but was not confirmed in these studies. Redhart was 
the only variety of wheat tested in the present investigations. The fact that wheat did not 
prove to be a host may be related to the high temperature at which it was grown. A number 
of different varieties and selections of wheat, representing diverse geographic origins, are 
being tested at lower temperatures more conducive to plant growth. None of the 77 non- 
gramineous species tested was parasitized by witchweed (Table 2). 


1Cooperative investigations of the Crops Research Division, Agricultural Research Service, 
United States Department of Agriculture, and the North Carolina Agricultural Experiment Station. 
2Plant Pathologist, Crops Research Division, Agricultural Research Service, United States 
Department of Agriculture. 
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Table 1. A list of plant species occurring in the United 
States susceptible to Striga asiatica. 


Scientific Name 


Common Name 


I. Species previously reported as hosts and confirmed in 


the present studies. @ 


Gramineae 
Avena sativa 
Cynodon dactylon 
Dactylis glomerata 
Digitaria sanguinalis 
Echinochloa crus-galli 
Echinochloa crus-galli 
var. frumentacea 
Oryza sativa 
Panicum miliaceum 
Panicum repens 
Paspalum dilatatum 
Saccharum officinarum 
Secale cereale 
Setaria italica 
Sorghum vulgare 
Sorghum sudanense 
Zea mays 


Oats 

Bermuda grass 
Orchard grass 
Crab grass 
Barnyard grass 


Japanese millet 
Rice 
Broomcorn millet 
Torpedograss 
Dallis grass 
Sugar cane 

Rye 

Foxtail millet 
Sorghum 
Sudangrass 
Corn 


ll. Species reported as hosts for the first time in the 


present studies. 


Gramineae 

Agropyron cristatum 
Agropyron repens 
Agropyron trichophorum 
Agrostis alba 
Andropogon gerardi 
Andropogon tener 
Andropogon virginicus 
Axonopus affinis 
Bromus catharticus 
Bromus inermis 
Bromus tectorum 
Cenchrus sp. 

Eleusine indica 
Eragrostis spectabilis 
Eragrostis tef 
Eremochloa ophiuroides 
Hordeum vulgare 
Lolium multiflorum 
Lolium perenne 
Panicum virgatum 
Paspalum conjugatum 
Paspalum notatum 
Paspalum urvillei 
Pennisetum glaucum 
Poa annua 

Poa pratensis 

Poa trivialis 


Setaria italica hort. var. 
Setaria italica hort. var. 


Sorghum halepense 


Crested wheatgrass 
Quack grass 
Pubescent wheatgrass 
Red top 

Big bluestem 
Slender bluestem 
Broomsedge 
Carpet grass 
Rescue grass 
Brome grass 
Cheatgrass 

Sandbur 
Goosegrass 

Purple lovegrass 
Teff lovegrass 
Centipede grass 
Barley 

Italian ryegrass 
Perennial ryegrass 
Switchgrass 
Hilograss 

Bahia grass 

Vasey grass 

Pearl millet 
Annual bluegrass 
Bluegrass 
Roughstalk bluegrass 
German millet 
Hungarian millet 
Johnson grass 
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Scientific Name 


Common Name 


Ill. Species previously reported as hosts, not tested inthe 


present studies. 


Gramineae 

Aristida adscensionis 
Chloris gayana 
Chloris virgata 


Dactyloctenium aegyptium 


Panicum maximum 


Paspalum scrobiculatum 


Stipa spp. 
Hordeum intermedium 


Amaranthaceae 
Celosia argentea 


Cyperaceae 
Cyperus rotundus 


Zygophyllaceae 
Tribulus terrestris 


Needlegrass 
Rhodesgrass 
Windmill grass 
Goosegrass 
Guineagrass 


Silvery celosia 


Nutgrass 


Caltrop 


IV. Species previously reported as hosts, tested but not 


confirmed in the present studies. 


Gramineae 
Triticum aestivum 


Leguminosae 
Indigofera glandulosa 


Wheat 


Hairy indigo 


Information regarding previous reports by foreign authori- 
ties obtained from Special Publication No. 10 (4). 
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Table 2. Species tested not shown to be hosts to Striga 
asiatica in the present studies. 


Scientific Name 


Common Name 


Aceraceae 
Acer saccharinum 


Aizoaceae 
Mollugo verticillata 


Amaranthaceae 
Amaranthus retroflexus 


Aquifoliaceae 
lex opaca 


Asclepiadaceae 
Asclepias sp. 


Bignoniaceae 


Campsis radicans 


Caprifoliaceae 
Lonicera japonica 
Sambucus canadensis 


Caryophyllaceae 
Stellaria media 


Chenopodiaceae 
Chenopodium album 
Chenopodium botrys 


Chenopodium leptophyllum 


Compositae 


Ambrosia artemisiifolia 
Aster sp. 

Centaurea cyanus 
Chrysanthemum sp. 
Cirsium arvense 
Cirsium vulgare 
Erigeron canadensis 
Eupatorium capillifolium 
Helenium tenuifolium 
Taraxacum officinale 
Xanthium sp. 


Convolvulaceae 
Convolvulus arvensis 
Ipomoea batatas 
Ipomoea purpurea 


Cruciferae 

Brassica napus 
Brassica sp. 

Capsella bursa-pastoris 


Cucurbitaceae 
Cucurbita sp. 


Silver maple 


Carpetweed 


Rough pigweed 


American holly 


Milkweed 


Trumpet vine 


Honeysuckle 
Elderberry 


Common chickweed 


Lamb's-quarters 
Jerusalem-oak 
Chenopod 


Ragweed 
Aster 
Bachelor's buttor 
Mum 

Canada thistle 
Bull thistle 
Marestail 
Dog-fennel 
Bitterweed 
Dandelion 
Cocklebur 


Field bindweed 
Sweet potato 


Annual morning glory 


Rape 
Mustard 
Shepherd's purse 


Squash 
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Scientific Name 


Common Name 


Ericaceae 
Rhododendron sp. 


Euphorbiaceae 
Euphorbia corollata 


Geraniaceae 
Geranium sp. 


Gramineae 

Agropyron elongatum 
Agropyron inerme 
Agropyron intermedium 


Agroypron riparium 
Agropyron sibiricum 
Agropyron spicatum 
Agrostis canina 
Agrostis palustris 
Avena fatua 

Festuca elatior 
Festuca arundinacea 
Festuca obtusa 
Festuca ovina 
Festuca rubra 


Festuca rubra var. commutata 


Hordeum jubatum 
Hordeum pusillum 
Phleum pratense 
Poa ampla 


Leguminosae 
Arachis hypogaea 
Crotalaria lanceolata 
Crotalaria spectabilis 
Glycine max 
Lespedeza cuneata 
Lespedeza stipulacea 
Lespedeza striata 
Lotus corniculatus 
Lupinus angustifolius 
Medicago hispida 
Medicago sativa 
Melilotus alba 
Melilotus officinalis 
Phaseolus vulgaris 
Pisum sativum 
Trifolium hirtum 
Trifolium hybridum 
Trifolium pratense 
Trifolium repens 
Vicia sp. 


Liliaceae 
Allium canadense 
Allium vineale 


Azalea 


Flowering spurge 


Geranium 


Tall wheatgrass 

Beardless wheatgrass 

Intermediate wheat- 
grass 

Streambank wheatgrass 

Siberian wheatgrass 

Bluebunch wheatgrass 

Velvet bent 

Creeping bent 

Wild oats 

Meadow fescue 

Tall fescue 

Nodding fescue 

Sheep's-fescue 

Red fescue 

Chewings fescue 

Wild barley 

Meadow barley 

Timothy 

Big bluegrass 


Peanut 

Lance crotalaria 
Showy crotalaria 
Soybean 

Serecia lespedeza 
Korean lespedeza 
Common lespedeza 
Birdsfoot trefoil 
Blue lupine 

Bur clover 

Alfalfa 

White sweetclover 
Yellow sweetclover 
Bean 

Pea 

Rose clover 
Alsike clover 

Red clover 

White clover 
Vetch 


Wild garlic 
Field garlic 
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Table 2. (Concluded). 


Scientific Name 


Common Name 


Linaceae 
Linum usitatissimum 


Malvaceae 
Gossypium herbaceum 
Malva rotundifolia 


Oxalidaceae 
Oxalis stricta 


Phytolaccaceae 
Phytolacca americana 


Plantaginaceae 
Plantago lanceolata 
Plantago major 


Polygonaceae 
Polygonum convolvulus 
Polygonum pensylvanicum 


Rumex acetosella 
Rumex crispus 
Rumex obtusifolius 


Ranunculaceae 
Ranunculus bulbosus 


Rosaceae 
Fragaria sp. 


Solanaceae 

Datura stramonium 
Nicotiana tabacum 
Petunia sp. 

Solanum carolinense 
Solanum tuberosum 


Umbelliferae 
Pastinaca sativa 


Violaceae 
Viola sp. 


Common flax 


Cotton 
Round-leafed mallow 


Yellow oxalis 


Pokeweed 


Buckhorn plantain 
Broadleaf plantain 


Wild buckwheat 
Pennsylvania smart- 
weed 
Sheep-sorrel 
Curled dock 
Broad-leaved dock 


Bulbous buttercup 


Strawberry 


Jimsonweed 
Tobacco 
Petunia 
Horsenettle 
Potato 


Parsnip 


Violet 


The failure of the parasite to appear aboveground does not necessarily establish that a 
plant species is resistant. Witchweed is extremely sensitive to any number of factors, in- 
cluding soil moisture, vigor of host plant, distance of seed from host roots, and soil temper - 
ature, which are capable of inhibiting or retarding its development (2). Many of the species 
shown to be hosts in these studies required repeated testing before witchweed emerged, and 
known hosts occasionally failed to support growth of the parasite. 
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SCLEROTIA OF TYPHULA IDAHOENSIS FOUND MIXED WITH 
IDAHO-GROWN SEED OF TRIFOLIUM PRATENSE 


Charles M. Leach 


A sample of red clover seed (Trifolium pratense L.) received from an Idaho seed company 
in 1956 contained numerous small sclerotia of a Typhula species (Figure 1). Macroscopi- 
cally the sclerotia resembled those of Typhula trifoliiRostrup, a parasite of clovers. As T. 
trifolii has never been reported in the United States, the true identity of the sclerotia was _ 
determined using Remsberg's! taxonomic study as a basis for identification. From the mor- 
phological and cultural characteristics of the fungus it was identified as Typhula idahoensis 
Remsberg, a pathogen of grasses. 


FIGURE 1. Red clover seeds and 
sclerotia of Typhula idahoensis. 


Further inquiry revealed that the sclerotia had originated from a clover crop that was 
overwintered in windrows and threshed the following spring. Under such circumstances it is 
possible that the sclerotia of T. idahoensis were threshed from grasses growing with the clover. 

The presence of sclerotia of T. idahoensis with red clover seed raises the question of the 
validity of some of the earlier European reports on the occurrence of sclerotia of T. trifolii 
with clover and alfalfa seed. Many of these reports were made prior to Remsberg's taxo- 
nomic study, and identifications were apparently based on macroscopic characters of the 
sclerotia alone. Remsberg has shown that the macroscopic features of sclerotia of Typhula 
species are quite similar and that such a criterion is inadequate for accurate species identi- 
fication. 


DEPARTMENT OF BOTANY AND PLANT PATHOLOGY, OREGON AGRICULTURAL 
EXPERIMENT STATION, CORVALLIS, OREGON 


1 Remsburg, Ruth E. 1940. Studies onthe genus Typhula. Mycologia 32: 52-96. 
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FALL APPLICATIONS OF ZIRAM AND FERBAM 
EFFECTIVELY CONTROL PEACH LEAF CURL IN CALIFORNIA 


Harley English 


Summary 


In tests conducted in 1953 and 1954, late fall applications of 
ziram and ferbam were highly effective in controlling peach leaf 
curl. Ziram was significantly better than basic copper sulfate, 
and ferbam and ziram appeared to be at least as effective as Bor- 
deaux mixture. Nabam (tank mixed with metallic sulfates), cap- 
tan, and dichlone gave about the same degree of control as the cop- 
per materials, but appeared to be somewhat less effective thaneither 
ziram or ferbam. Maneb and captan were the least effective mater- 
ials tested. Adhesive oils did not significantly increase the efficiency 
of either ziram or captan. None of the materials appeared to be phy- 
totoxic. 


Bordeaux mixture or fixed copper materials plus an adhesive oil have long been the stan- 
dard spray materials applied to peach trees in late fall for the control of peach leaf curl 
(Taphrina deformans (Berk.) Tul.) and Coryneum blight (Coryneum beijerinckii Oud.). In 
California, a single fall application of either of these materials has generally provided ade- 
quate control of both diseases, although in the Pacific Northwest it often is necessary to make 
a second fungicidal application in early spring. Copper materials applied to peach trees in 
the fall are usually not phytotoxic, but in 1952 considerable twig injury resulted from the use 
of either Bordeaux mixture or the fixed coppers. Such injury also is reported to occur in 
certain peach varieties grown in the more humid areas of the Pacific Northwest. The occa- 
sional phytotoxicity of copper compounds in California, coupled with their highcost, indicated 
the need for an effective substitute material. 

When the present experimental work was commenced in 1953, little was known concern- 
ing the efficacy of the organic fungicides in the control of Coryneum blight. Liquid lime- 
sulfur, some dinitro compounds, and copper were the only materials known to be effective 
against leaf curl in autumn applications (1, 7). Furthermore, liquid lime-sulfur sprays ap- 
plied to peaches in the fall provide only mediocre control of Coryneum blight (8). In recent 
years a number of organic fungicides have shown promise in controlling peach leaf curl when 
used in dormant applications (2, 3, 4, 5, 6), and Fermate and OM 1565 (iron salt of 2-py- 
ridinethione 1-oxide) were found to be effective in fall applications (6). In the present work, 
although sprays were applied with the object of controlling both peach leaf curl and Coryneum 
blight, only the former disease developed sufficiently to provide results. 


MATERIALS! AND METHODS 


The fungicides used in the 1953 test were Tennessee Tri-Basic Copper Sulfate, Phygon 
XL (dichlone 50%), Zerlate (ziram 76%), Dithane D-14 (nabam 19%) tank mixed with iron and 
zinc sulfates, and an experimental preparation containing 90% captan. On the recommenda- 
tions of the manufacturers, adhesive oils were used with Zerlate and Dithane D-14 in an ef- 
fort to increase their residual life. The sprays were applied on December 4, 1953 with an 
air blast sprayer, at the rate of approximately 350 gallons per acre. Each plot consisted of 
ten trees and each plot was replicated twice in mature plantings of Andora and Cortez peaches 
in the Sacramento Valley. Three randomized unsprayed trees served as checks. Leaf curl 
infection data were recorded May 6 and 7, 1954. 


The cooperation of the following companies who supplied test materials is gratefully acknow- 
ledged: Stauffer Chemical Company, Rohm and Haas Company, United States Rubber Company, 
E. I. du Pont de Nemours andCompany, and California Spray-Chemical Corporation. The valua- 
ble assistance of farm advisors Ross Sanborn and Fred Peterson is also acknowledged. 
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Table 1. Comparative effectiveness of fall applications of several fungicides in 
controlling peach leaf curl. 


Treatment® Leaf curl clusters 
(Amount per 100 gallons) per tree 
(Average number ) 


1953-54 Test 
Tri-Basic Copper sulfate 5 lbs. + 
Ortho Adhesive Flowable 1 gal. 
Zerlate 3 lbs. + Peerless FS-55 Adhesive 3 pints 
Dithane D-1) 1 gal. + iron and zinc sulfates + 
Moyer Soluble Dormant Oil 1 gal. 
Captan (90% active) 13 lbs. 
Phygon XL 13 lbs. 
Unsprayed 
Le S. De 05 7.8 
Bordeaux mixture 10-10 
Zerlate 3 lbs. 
Zerlate 3 lbs. + Peerless FS-55 Adhesive 3 pints 
Fermate 3 lbs. + Peerless FS-55 Adhesive 3 pints 
Manzate 3 lbs. + Peerless FS-55 Adhesive 3 pints 
Dithane D-1, 3 qts. + iron, zinc, anc mancanese sulfates + 
Peerless FS-55 Adhesive 3 pints hel 
Dithane D-14 3 qts. + iron, zinc, and manganese sulfates + 
Ortho Adhesive 1} gal. 5.6 
Orthocide 50W 3 lbs, 8.8 


Orthocide 50W 3 lbs. + Ortho Adhesive 1} gal. 6.8 


b 
Unsprayed 204.3 
Le S dD. 205 5.5 


3sprays were applied December }, in the 1953-5 test and December 7 and 8 
in the 1954-55 test. 
byot included in the statistical analysis. 
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In 1954, Fermate (ferbam 76%), Manzate (maneb 70%) and Orthocide 50W (captan 50%) 
were also tested, while Phygon XL and the 90% preparation of captan were dropped from the 
tests. Also, the fixed copper material was replaced with Bordeaux mixture. Sprays were 
applied with a hand gun at approximately 400 pounds pressure to triplicate eight-tree plots 
of mature Gaume peach trees in the Sacramento Valley. Approximately 5 gallons of spray 
were applied to each tree on December 7 and 8, 1954. Three randomized unsprayed trees 
served as checks. Data on leaf curl infection were recorded during the first week of May, 
1955. 


RESULTS AND CONCLUSIONS 


In the 1953-54 test the incidence of leaf curl in the two peach varieties used was essen- 
tially the same. The data for these two varieties were therefore combined. As shown in 
Table 1, all of the materials markedly reduced the amount of leaf curl as compared with the 
unsprayed trees. Zerlate provided outstanding control during both years, being significantly 
better than Phygon XL, captan, and basic copper sulfate in 1953-54, and at least the equal 
of Bordeaux mixture in 1954-55. Fermate, applied only with an adhesive oil, was almost 7 
as effective as Zerlate. Dithane D-14 (tank mixed with metallic sulfates), captan, and Phy- 4 
gon gave about the same degree of control as the copper materials but appeared to be some- 
what less effective than either Zerlate or Fermate. Manzate and captan were the least ef- 
fective materials tested. There was a suggestion that adhesive oils slightly improved the : 
efficiency of Zerlate and Orthocide 50W, but the differences were not significant. Effective 
control was obtained in applications made with an air blast sprayer at 350 gallons per acre 4 
and with a hand gun at 500 gallons per acre. There was no evidence of phytotoxicity from 
any of the treatments. 

On the basis of the present work and work reported from New York (6) it appears that 
several organic compounds, when used in late fall applications, are at least the equivalent 
of Bordeaux mixture in controlling peach leaf curl. Furthermore, at present prices some 
of the effective materials would be considerably less expensive than the copper compounds. 
However, since in California and most other western peach-growing districts the late fall 
fungicide application is designed to control, at least in part, both leaf curl and Coryneum 
blight, the organic materials will probably not come into widespread use until their effective- 
ness in controlling the latter disease has been established. Our experimental work is con- 
tinuing in an effort to answer this question. 
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RECENT STUDIES ON THE EFFECTIVENESS OF AGRI-MYCIN 100 
AND AGRI-MYCIN 500 FOR THE CONTROL OF WALNUT BLIGHT IN OREGON! 


P. W. Miller2 


In tests carried on in California from 1953 to 1956 by Ark (1, 2, 3, 4), Ark and Alcorn 
(5), and Ark and Charles (6), antibiotic formulations containing streptomycin have givenrela- 
tively good control of the walnut blight pathogen (Xanthomonas juglandis (Pierce) Dowson) 
when a sufficient number of correctly timed applications were made. 

Investigations on the control of walnut blight by spraying with antibiotic formulations con- 
taining streptomycin were begun in Oregon in 1954, and a preliminary report was published 
in 1956 (8). Under the mild disease conditions prevailing in 1954-55, Agri-mycin 100 at the 
rate of 25 ppm gave almost as good control as Yellow Cuprocide 2-100 and Copper A Compound 
4-100. 

Further studies on the control of walnut blight by streptomycin-containing spray materials 
were carried on in 1956-57. The disease was much more prevalent in these years than it was 
in 1954 and 1955, and in 1957 it was epidemic in many localities. A report of the results of 
field tests carried on in 1956 and 1957 follows. 


MATERIALS AND METHODS 


In 1956, Agri-mycin 100, an antibiotic formulation containing 15% streptomycinand 1 1/2% 
oxytetracycline, was used in field tests at the rates of 25 ppm and 50 ppm. In 1957, Agri- 
mycin 500, a new antibiotic formulation containing 10% streptomycin, 1% oxytetracycline and 
10% metallic copper, was tested for the control of walnut blight. 

With one exception, three applications of each spray material were made in the early- 
prebloom, late-prebloom and early-postbloom stages of nut development on each plot (5 to 
50 trees) per season. In addition to the regular 3-treatment plots, four applications of Agri- 
mycin 500 in the early-prebloom, late-prebloom, early-postbloom and middle-postbloom 
stages of nut development were made on one plot in 1957. 


RESULTS 


The results of tests carried on in 1956-57 are presented in Table 1. Agri-mycin 100 at 
the rate of 25 ppm apparently is too weak to control walnut blight in years when the disease 
is epidemic. Even at the rate of 50 ppm it did not control the disease satisfactorily under 
such conditions. However, Agri-mycin 500, a formulation containing copper, at the rate of 
1/2 pound in 100 gallons of water, gave relatively good control of the disease. Three appli- 
cations reduced the incidence of infected nuts from 39 to 6 percent. Four applications gave 
still better control, reducing the incidence of infection to 3 percent. Neither Agri-mycin 100 
nor Agri-mycin 500 caused any noticeable foliage or nut injury at the rates used. 

From these studies, it appears that under severe-disease conditions Agri-mycin 100 at 
25 to 50 ppm is not as effective for the control of the walnut blight pathogen in Oregon as it is 
in California. The recommended standard copper spray materials (Bordeaux mixture 4-2- 
100, Yellow Cuprocide 1-100, or Copper A compound 2-100) (7) have given more consistent 
control in epidemic years. However, these preliminary experiments appear to indicate that 
Agri-mycin 500 at 1/2 pound per 100 gallons is practically as effective as recommended 
standard copper spray materials and is more easily used. 


1 Cooperative investigations by Crops Research Division, Agricultural Research Service, United 
States Department of Agriculture, and Oregon Agricultural Experiment Station. 

2Plant Pathologist, Crops Research Division, Agricultural Research Service, United States 
Department of Agriculture. 
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Table 1. The efficacy of Agri-mycin 100 and Agri-mycin 500 for the control of 
walnut blight, Western Oregon, 1956-57. 


Number Nuts 
: : of : Foliage : Number : Percent 
Year and Material : Concentration : Applications : Injury : Examined : Infected 
1956 
Agri-mycin 1004 25 ppm 3b None 1977 40 
Agri-mycin 100 50 ppm 3 None 1175 15 
None 0 a None 1049 46 
1957 
Agri-mycin 500¢ 1/2 lb. -100 4d None 652 3 
Agri-mycin 500 1/2 Ib. -100 3b None 1885 6 
None o-- 0 None 1482 39 


aStreptomycin 15%, oxytetracycline 1.5%. 

bapplied in the early-prebloom, late-prebloom and early-postbloom stages of nut 
development. 

CStreptomycin 60 ppm; oxytetracycline 6 ppm; metallic copper 60 ppm. 

dApplied in the early-prebloom, late-prebloom, early-postbloom and middle-post- 
bloom stages of nut development. 
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A COMPARISON OF PROTECTANT FUNGICIDES 
FOR PECAN SCAB CONTROL IN OKLAHOMA IN 1957 


Richard H. Converse 


Summary 


Seven protectant spray materials were used in a field test for 
the control of scab on pecan nuts. Dyrene gave excellent control of 
the disease. None of the five dithiocarbamates tested gave signif- 
icantly better control than ziram; however, maneb provided some- 
what more uniform control than the four other dithiocarbamates. 


INTRODUCTION 


The fungicides generally used commercially for the control of pecan scab, incited by 
Fusicladium effusum Wint. (11), during the growing season are Bordeaux mixture, zineb, and 
ziram,. In the humid Southeastern States Bordeaux mixture is the fungicide of choice, and 
Bordeaux mixture followed by ziram or by zineb are recommended in alternative schedules 
(3). Bordeaux mixture is not recommended for use in the drier pecan-producing areas be- 
cause of its phytotoxicity under dry weather conditions (2). Zineb is the recommended mate- 
rial in Texas (13) and ziram in Oklahoma (6). 

Various dithiocarbamates have been compared for their effectiveness for pecan scab 
control by several workers and the results have varied depending on the year and location of 
the test (1, 4, 8, 9, 10, 12), Ferbam has been found to be no better or poorer than ziram in 
several tests (8, 10, 12). Maneb and zineb gave better results than ziram in an Oklahoma 
field test in 1953 (4). On the other hand, maneb was found to be poorer than zineb or Bor- 
deaux mixture followed by ziram in Florida in 1953 (9), 

The present test was designed to compare four dithiocarbamates and two other fungicides 
with ziram in order to reassess ziram as the standard fungicide for pecan scab control in 
Oklahoma, 


MATERIALS AND METHODS 


The seven materials used were Dyrene (50% 2,4-dichloro-6-(o-chloroanilino)-s-triazine, 
Chemagro Corporation), Phaltan (50% N-trichloromethylthiophthalimide, California Spray- 
Chemical Corporation), and five dithiocarbamates, Thioneb (50% polyethylene thiuram sulfide, 
U. S. Rubber Company), Manzate (70% maneb, E. I. duPont de Nemours & Company), Thylate 
(65% thiram, E. I. duPont de Nemours & Company), Zerlate (76% ziram, E. I. duPont de 
Nemours & Company), and Dithane Z-78 (65% zineb, Rohm & Haas Company). The amounts 
per 100 gallons of water of each commercial formulation used are listed in Table 1. The five 
dithiocarbamate fungicides were used at the rate of 1.5 pounds of toxicant per 100 gallons of 
water, except for Thioneb, which was used at the rate of 0.75 pound of toxicant per 100 gallons, 
Five spray applications of each material were made at 3- to 4-week intervals from April 
through August, 1957. Sprays were applied with a conventional hydraulic high-pressure spray 
machine to trees of the variety Western in a randomized five-block design, each block consist- 
ing of eight single-tree plots, in a commercial orchard near Paden, Oklahoma. The amount 
of scab on nut shucks was determined near the end of the growing season by estimating the per- 
centage of shuck area covered by the scab fungus on each nut in 12-nut random samples gath- 
ered from each tree, The inoculum carry-over from the previous year on the trees in the 
spray test was slight. Heavy rainfall occurred in April, May, June, and again in September, 
but there was a period of below-normal rainfall in July and August, It is thought that the low 
primary inoculum level and the summer drought explain the facts that scab on leaves was neg- 
ligible even on non-sprayed trees and that on the non-sprayed nuts the disease was damaging 
but not serious. 


| Formerly Assistant Plant Pathologist and Agent, United States Department of Agriculture, 
Oklahoma Agricultural Experiment Station, and United States Department of Agriculture, Agri- 
cultural Research Service, Crops Research Division. The author gratefully acknowledges the 
cooperation of G. E. Spraberry and R. Molsbee, Paden, Oklahoma, in whose orchard the 
work was done, 
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Table 1. Scab on nuts from Western pecan trees sprayed 5 times with various protectant 
fungicides, Paden, Oklahoma, collected September 18, 1957. 


Amount of formulation : Average areaof : 


: per 100 gallons of : nut shuck scabbed :Duncan's multiple range 
Fungicide : water (pounds) : (percent) :test groupings (5% level) 
Dyrene 3.0 0? | 
Maneb 2.2 0.2 
Zineb 2.3 0.5 
Ziram 2.0 0.7 
Phaltan 2.0 1.9 
Thioneb 3.4 
Thiram 2.3 4.4 
No fungicide -- 12.9 a 
L.S.D.: 
5% = 1.8 
1% 2.5 


2 Two nuts of the 60 examined had one or two small scab lesions on them. 


RESULTS 


Dyrene gave excellent control of scab (Table 1). Phaltan provided satisfactory control 
and Would seem from these data to be more promising as a pecan foliar fungicide than captan, 
which has not performed well in recent tests by other workers (9, 13). Among the dithio- 
carbamates tested maneb, zineb, and ziram gave very similar results which were superior 
to the results obtained with Thioneb and thiram, as determined by the multiple range test of 
Duncan (7). The least variation in scab incidence among samples from all treatments occurred 
with maneb, 

Dyrene and maneb appear to warrant further study as protectant fungicides that under 
Oklahoma conditions might give better control of pecan scab than ziram. 

In laboratory tests temporary immersion of well-established stromatic agar colonies of 
F. effusum in Dyrene at 8,3 pounds per 100 gallons killed the fungus, indicating the possible 
value of this material as a contact as well as a protectant fungicide. The dormant contact 
spray materials heretofore used in the field for pecan scab control have left toxic residues (5). 
Dyrene has not yet been tested in the field as a dormant contact spray; however, because of 
its low mammalian toxicity and eradicant action in the laboratory, it would seem promising 
for such use, 
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EVIDENCE FOR THE EXISTENCE OF PHYSIOLOGIC SPECIALIZATION 
IN MYCOSPHAERELLA CARYIGENA 


Richard H. Converse! 


Summary 


Inoculum of the downy spot pathogen, Mycosphaerella caryi- 
gena Demaree & Cole, from the variety Stuart failed to produce 
as many lesions on four other downy spot-susceptible pecan varie- 
ties as were produced on Stuart in a field test in Oklahoma, indi- 
cating the existence of more than one physiologic race of the fun- 
gus. When controlled sources of inoculum were used in the field, 
early disease development was restricted to 3 feet around these 
sources. Perithecia of the Mycosphaerella stage were not found 
on overwintered infected leaves in Oklahoma, and the possible 
role of conidia as primary inoculum is suggested. 


INTRODUCTION 


Mycosphaerella caryigena Demaree & Cole is the incitant of downy spot of pecan leaves. 
In Oklahoma and Texas downy spot is a serious foliage disease that often causes extensive 
premature defoliation. The fungus produces a conidial stage, Cercosporella caryigena (Ell. 
& Ev.) Hoehn., on leaf lesions in the summer and the Mycosphaerella perithecial stage in 
stromata in dead overwintered leaves (1). 

All varieties of pecan are attacked to some extent by this fungus (4). However, some 
varieties do show resistance. In Georgia, the Delmas variety was the most susceptible, and 
Moneymaker and Stuart ranked next. Frotscher was moderately susceptible, while the Alley, 
Pabst, Schley, and Success varieties were resistant (1). 

Downy spot was noted yearly on a number of pecan varieties in various parts of Oklahoma 
from 1952 to 1956 (Table 1). When disease reactions were divided into six classes on a 0 to 
5 rating scale (Footnote #, Table 1), the disease reaction of a given variety in different loca- 
tions and in different years varied no more than one class from the mean for that variety, 
presented in Table 1. Moneymaker, rather than Delmas, was the most heavily infected va- 
riety in Oklahoma; it was followed by Stuart and Golden. Delmas and Burkett were moder- 
ately susceptible; and Western, Success, Mahan, Schley, and Squirrel were infected lightly 
or at a trace level. 


MATERIALS AND METHODS 


The occurrence of physiologic specialization in M. caryigena in Oklahoma was deter- 
mined by the inoculation of a number of varieties of pecans with spores produced from dis- 
eased leaves of the Stuart variety. Leaves affected with downy spot were collected in Janu- 
ary 1957 at Okemah, Oklahoma beneath trees in the center of a large orchard planted entirely 
to the Stuart variety and were stored out-of-doors in wire-mesh containers. In April 1957, 
the containers were placed in trees of ten different pecan varieties at Oklahoma State Uni- 
versity, Stillwater, Oklahoma, in an orchard which had been almost free of downy spot in 
1956. Three Stuart, two Moneymaker, and two Burkett trees and one tree each of seven 
other varieties (Table 1) were used. Four containers were hung in each tree. 


RESULTS 


The first symptoms of downy spot appeared in early July, and in all cases only leaves 
within 3 feet of the containers were infected. Lesions on 10 leaves near each cage were 
counted on July 25, and sample leaflets were examined microscopically for Cercosporella 
conidia. Statistical analysis of the lesion-count data, summarized in Table 1, indicates that 
leaf samples from a given tree, or trees of a single variety, had similar infection levels. 
Highly significant differences occurred between the number of lesions per Stuart leaf and the 


1 Formerly Assistant Plant Pathologist, Oklahoma Agricultural Experiment Station and Agent, 
United States Department of Agriculture, Agricultural Research Service, Crops Research Division. 
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Table 1. Reactions of ten pecan varieties to natural and controlled 
inoculation by Mycosphaerella caryigena. 


Average infection ratings : 


of 10 varieties in : Lesions per leaf using : Conidia formed 
Oklahoma orchards, Stuart inoculum on lesions 
1952-1956 . July 25, 1957 : July 25, 1957 


Very susceptible 


Moneymaker 5 50 yes 
Stuart 4 118 yes 
Golden 4 no | 
Moderately susceptible 
Delmas 3 60 no 
Burkett 3 3 yes 
Resistant 
Western 2 3 no 
Success 2 0 - 
Mahan 2 - - 
Schley | 10 no 
Squirrel 1 0.5 no 
L.S.D.: 5 percent level 33 

1 percent level 43 


aRating scale: 0 = no lesions; 1 = trace; 2 = light infection; 3 = moder- 
ate infection; 4 = heavy infection; 5 = very heavy infection. 


number per leaf of each other variety tested. By use of Duncan's multiple range test (3), the 
varieties were separated into three statistically homogeneous groups (at the 5 percent level 
of probability) with regard to disease reaction: 1) Stuart, 2) Delmas and Moneymaker, and 
3) all others tested. Lesions on Burkett, Western, Schley, and Squirrel were much smaller 
than those on Stuart; and conidia were not produced on lesions on leaves of Golden, Delmas, 
Western, Schley, and Squirrel (Table 1). 


DISCUSSION 


If the inoculum from overwintered Stuart leaves had given rise to approximately the 
same number of lesions on varieties equally susceptible as Stuart, only one race of the patho- 
gen, capable of attacking susceptible varieties, would have been indicated. The data in Table 
1 show, however, that the lesion levels on Moneymaker, Golden, Delmas, and Burkett, varie- 
ties all susceptible to downy spot, were all significantly lower than the level on Stuart. 
Therefore, this group of varieties probably is parasitized in the field by one or more physio- 
logic races distinct from the race from Stuart used in the present experiment. 

Physiologic races have been demonstrated for several other species of Mycosphaerella: 

fragariae (Tul.) Lindau, at least seven races (5); M. rubi Roark, at least two races (6); 
a arachidicola W. A. Jenkins (2); and M. berkeleyii W. “A. Jenkins (2), indicating that 
physiologic Specialization is a common occurrence in this genus. 

While the work on physiologic specialization was being done, some additional information 
was obtained on the life history of the organism. Demaree and Cole (1) found that the Mycos- 
phaerella stage of the downy spot pathogen produced primary ascosporic inoculum in Louisi- 


ana. Repeated attempts to find the perfect stage on the dead Stuart leaves used in the present 


experiment and similar attempts in previous years in Oklahoma were all unsuccessful. It 
seems likely that wind-borne Mycosphaerella ascospores do not function in the life cyle of 
this fungus under Oklahoma conditions. The role of conidia as primary inoculum can only be 
suggested at present, however, since the few Cercosporella-type conidia obtained from over- 


: 
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wintered leaf lesions were not viable. 


Literature Cited 


1. DEMAREE, J. B., andJ. R. COLE. 1932. The downy spot disease of 

pecans. Jour. Agr. Res. 44: 139-146. 

DICKSON, J. G. 1956. Diseases of field crops. Ed. 2. McGraw-Hill 
Book Co. New York. p. 399. 

DUNCAN, D. B. 1955. Multiple range and multiple F tests. Bio- 
metrics 11: 1-42. 

OSBURN, M. R., etal. 1954. Insects and diseases of the pecan and 
their control. U. S. Dept. Agr. Farmers' Bul. 1829. 

PLAKIDAS, A. G. 1948. Strains of Mycosphaerella fragariae. Phyto- 
pathology 38: 988-992. 


ROARK, E. W. 1921. The Septoria leaf spot of Rubus. Phytopathology 
11: 328-333. 


UNITED STATES DEPARTMENT OF AGRICULTURE, AGRICULTURAL RESEARCH 
SERVICE, CROPS RESEARCH DIVISION, AND DEPARTMENT OF BOTANY AND PLANT 
PATHOLOGY, OKLAHOMA STATE UNIVERSITY, STILLWATER 


395 

le 
ie- 
ion 

i- 

ent 

be 

er- 


396 Vol. 42, No. 3--PLANT DISEASE REPORTER--Mar. 15, 1958 


BOTRYTIS CONTROL IN STORED ROSE STOCKS! 


J. Stessel 


Summary 


Fungicides were tested for control of Botrytis sp. in the labora- 
tory and on dormant rosebushes in cold storage. Barerooted rose- 
bushes were treated with 11 fungicides, applied either as aqueous 
dips, dusts, or in vapor phase, and stored in sealed plastic bags for 
3 months. On the basis both of control of Botrytis development follow- 
ing treatment and of the subsequent season's growth through bloom, 
effective chemicals were: Captan (7.5% dust), Vancide 51 (4800 ppm 
dip), Kromad (4800 ppm dip), and Mycostatin (500 ppm dip). 


Grey mold of dormant rosebushes in cold storage, incited by Botrytis sp., has become 
a major problem to commercial rose growers in recent years. Where barerooted roses have 
been stacked in refrigerated vaults, Botrytis sp. frequently has become an aggressive patho- 
gen. Rich2 reported favorable control of Botrytis on stored roses with Vancide 51 (30% 
sodium dimethyldithiocarbamate and sodium derivative of 2-mercaptobenzothiazole) in 1954. 
Miller and Stoddard? achieved good control of grey mold of strawberries with dichlone and 
thiram in 1956. Preliminary laboratory and storage experiments were conducted at the 
Rhode Island Agricultural Experiment Station in 1957 to determine the effectiveness of several 
chemicals for control of Botrytis on stored rosebushes. 


EXPERIMENTAL 


Laboratory Tests: A culture of Botrytis sp. isolated from a stored rosebush in Feb- 
ruary 1957 was used in agar plate tests of nine fungicides. The inhibition of Botrytis sp. by 
Captan 50W (50% captan), Vancide 51, Thylate (65% thiram), and Kromad (5% cadmium seba- 
cate, 5% potassium chromate, 1% malachite green, 0.5% auramine, 16% thiram) was tested 
in PDA plates using an agar-biscuit technique. The chemical was incorporated in agar, agar 
discs containing the fungus planted thereon, and plates incubated. Five replicated plates 
were used for each treatment. Five volatile chemicals were also tested against Botrytis sp. 
in a modified agar plate test. Watch glasses, U.S. B.P.I. model, containing the chemical 
were centrally placed in PDA in Petri plates. Two agar discs containing the fungus were 
planted on the agar in each plate, and the plates incubated. Chemicals testedwere ammonium 
carbonate, biphenyl, I-KI solution (2% iodine, 2% potassium iodide), dimethyl dichlorosuccin- 
ate, and sodium bisulfite. 


Storage Tests: Pillar No. 73 roses, in cold storage 3 months, were treated in March 
1957. Surface growth of Botrytis sp. was limited and confined to damaged areas and branch 
tips. Plants were trimmed to 24 inches in overall length, and dead branches removed. Each 
chemical formulation was applied to nine bushes, in three bundles of three plants each. 

The bushes were treated with fungicides by dipping, dusting, or vapor exposure at concen- 
trations and by the methods listed in Table 3. Bundles were immersed for about 10 seconds, 
drained, and encased in large polyethylene bags, measuring 23 by 32 inches. Exposure to 
vapors was achieved by mixing the volatile chemical with moist sawdust placed in the bottom 
of.similar bags. Dusts were applied with a rotary hand duster. Kromad, Captan 50W, Van- 
cide 51, Thylate, Dowicide A (97% sodium-o-phenylphenoxide), Mycostatin (nystatin, 3550 
units/mg), biphenyl, sodium bisulfite, ammonium carbonate, captan (7.5% dust), and Terra- 
clor (pentachloronitrobenzene, 20% dust) were the fungicides used. The packaged roses were 
then stored 3 months at 34° to 36° F with an average room relative humidity of 90 percent. 
Plants were examined after storage and the percentage of their surface area covered by 
Botrytis growth noted. Aerial portions of plants were pruned to 6 inches and plants were set 


Contribution No. 939 of the Rhode Island Agricultural Experiment Station, Kingston, Rhode Island. 
2Rich, Saul. 1954. Controlof Botrytissp. onstoredroses. (Abstr.) Phytopathology 44: 503. 
3Miller, P. M.,and E. M. Stoddard. 1956. Field control of grey mold of strawberries. Plant Dis. 
Reptr. 40: 788-789. 
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out in the field. One hundred fifty Pillar No. 7 roses similarly pruned, but untreated, and 
obtained from open cold storage stacks, were planted in an adjacent row at the same time. 
All roses were watered after planting, and watered several times during the season. The 
plants were observed and rated periodically for vigor and bloom during July and August. 


RESULTS AND DISCUSSION 


Inhibition of Botrytis sp. in vitro by fungicides is shown in Tables 1 and 2. Captan 50W 
was the most effective of the non-volatile chemicals tested. Biphenyl was most effective of 
the volatile chemicals. Ammonium carbonate, I-KI, and sodium bisulfite were fungicidal, 
whereas biphenyl and dimethyl dichlorosuccinate were fungistatic at the higher concentrations. 


Table 1. Inhibition of Botrytis sp. by non- 
volatile fungicides in agar-biscuit 


tests?. 
Inhibitionc 
Chemical percent 
Kromad 60 
Captan 50W 100 
Vancide 51 60 
Thylate 60 
Control (water-treated) 0 
Control (untreated) 0 


8Discs immersed 1 minute, 5 days incuba- 
tion at 25° C. 

bAll chemicals at 6400 ppm concentrationof 
commercial product. 

©Based on number of discs out of five show- 
ing no growth. 


Table 2. Inhibition of Botrytis sp. by volatile fungicides in modified agar 
plate tests®. 


: Concentration =: - 
Chemical : (grams per plate) : Growth? : Regrowth” 
Ammonium carbonate 0.1 0 0 
0.01 2 7 
Biphenyl 0.1 0 2 
0.01 0 3 
I-KI solution 0.1 0 0 
0.01 3 3 
Dimethyl dichlorosuccinate 0.1 2 2 
0.01 3 4 
Sodium bisulfite 0.1 0 0 
0.01 2 3 
Control -- 4+ 4 


&@Seven days' incubation at 25° C. 


Daverage of 3 plates. Rating scale: 4 = Botrytis growth covering entire 
surface of agar; 0 = no growth. 


Five days' incubation after transplanting, rated against control. 
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Table 3. Control of Botrytis sp. in cold storage rosebushes. 


: Application : : Botrytis : Rosebush 
Chemical : method _: Concentration : growth? : growth 

ppm/water® 
Kromad Dip 4800 1.3 8 
Captan 50W Dip 4800 2.7 6 
Vancide 51 Dip 4800 1.3 8 
Thylate Dip 4800 2.3 5 
Dowicide A Dipd 1250 0.7 3 
Mycostatin Dip 500 0.7 7 
Control (water) Dip -- 4.0 4 

grams/bag 
Biphenyl Vapor 10 0.0 4 
Biphenyl Vapor 5 1.0 4 
Sodium bisulfite Vapor 20 0.3 0 
Ammonium carbonate Vapor 20 0.0 0 
Captan (7.5% dust) Dust -- 1.0 8 
Terraclor (20% dust) Dust -- 0.3 t 
Control (dry) -- -- 3.0 7 


Average of three bundles. 0 = no Botrytis growth on surface of plants; 
1 = up to 25% of surface area covered by Botrytis growth; 2 = 26% to 50%; 
3 = 51% to 75%; and 4 = 76% to 100%. 

umber of vigorous plants out of nine planted. 
CConcentration based on weight of commercial product. 
dTops only. 


The amount of surface Botrytis growth appearing on the plants at the end of the storage 
period is given in Table 3. Treatments were applied to the bushes after they had been in 
storage 3 months and subjected to substantial inoculum. Control plants dipped in water before 
packaging showed more Botrytis growth than control plants packaged dry. For this reason, 
dip treatments were rated in the table against the corresponding water-immersed control. On 
this basis Dowicide A and Mycostatin were the most effective fungicidal dip treatments. The 
volatile chemicals were also effective, as were Terraclor and captan dusts. Captan-dusted 
plants sealed in bags in the dry condition showed much less Botrytis growth than captan- 
sprayed plants sealed while wet. 

On the basis of subsequent plant vigor in the field captan (7.5% dust), Kromad, Vancide, 
and Mycostatin resulted in the greatest amount of growth and bloom. Captan (7.5% dust) was 
the least phytotoxic among the vapor and dust groups of chemicals. Control plants packaged 
dry yielded a higher percentage of vigorous plants than those packaged wet. One hundred 
thirty-two of 150 (or 88 percent) untreated Pillar No. 7 roses taken from open cold storage 
stacks grew into vigorous bushes with blooms. This result is equivalent to that obtained with 
"dry" controls. Dormant roses confined in polyethylene bags in cold storage were best pro- 
tected from grey mold by captan dust, and by dip treatments with Kromad, Vancide 51, or 
Mycostatin. 


DEPARTMENT OF PLANT PATHOLOGY-ENTOMOLOGY, RHODE ISLAND AGRICULTURAL 
EXPERIMENT STATION, KINGSTON, RHODE ISLAND 
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IN VITRO INHIBITION OF CERATOCYSTIS ULMI BY ACETONE EXTRACTS 
FROM LEAVES OR STEM OF SOME SPECIES OF HIGHER PLANTS 


Curtis May!, J. G. Palmer!, and E. Hacskaylo! 


Summary 


Acetone extractions were made of the leaves or the stem (one 
instance) of 31 varieties and species of shade trees and other plants. 
Extracts from 21 inhibited growth of Ceratocystis ulmi, the bio- 
assay fungus. Extracts from ten, including Ulmus americana, U. 
pumila, and U. carpinifolia v. Christine Buisman, lacked an 
inhibitory fraction. In many of these extracts a fraction stimula- 
tory to growth of the fungus was present. There was no apparent 
relation between the occurrences of the two fractions. No attempt 
was made to determine the cause(s) of either inhibition or stimu- 
lation, 


In 1957 an exploratory study was made of the possible occurrence in several species of 
plants of compounds that would inhibit the growth of Ceratocystis ulmi in vitro. 

Ten grams (fresh weight) of stems or leaves from each species or variety were cut into 
small pieces with scissors, placed in flasks, and covered with approximately 200 ml of ace- 
tone at room temperature. Then.the flasks were corked, and the tissues extracted for 24 
hours in the laboratory. Each extract was then filtered and was poured into a porcelain 
dish. The acetone was evaporated over a water bath at 45° C, The residues were then accu- 
mulated into small piles or globules by scraping. Some residues were powdery or flaky and 
others were as viscous as molasses. Plates of potato dextrose agar seeded at 45° C with 
15, 000 spores of C. ulmi per ml were poured and were allowed to harden, The extract from 
each 10-gm sample was divided into two portions, and each portion was placed in approximate- 
ly the center of a prepared Petri dish, Plates were incubated for 3 days at 20° C and then 
were examined for inhibition zones. The width of the inhibition zone from the edge of the 
residue to the first visible mycelium was measured (Fig. 1). Results are given in Table 1. 

Mycelial growth of C. ulmi was stimulated at varying distances from the peripheries 
of some extracts. A stimulatory action was noted for some extracts which also had an inhib- 
itory fraction and for some other extracts which did not inhibit (Fig. 1). The extracts from 
pin oak, from Red Radiance rose, and from all sampled trees of Norway maple greatly stim- 
ulated growth of C, ulmi at the peripheries of the zones of inhibition or in the cases of ex- 
tracts which lacked inhibitory fractions at a distance beyond the periphery. The extracts 
from sugar maple, both varieties of chrysanthemum, poinsettia, sweetgum, slash pine, Vir- 
ginia pine, sycamore, scarlet oak, American elm, Christine Buisman elm, Siberian elm, 
and Confidence and Paul's Scarlet roses stimulated growth of the Dutch elm disease fungus 
moderately. Extracts from red maple, mimosa, paper birch, persimmon, star magnolia, 
and wheat did not stimulate growth, 

There appeared to be no relation between the potency of the inhibitory fractions and the 
degree of stimulation of mycelial growth at the periphery of the zone of influence of the extract. 
However, observations on stimulation were not made on the extracts from all the species. 

No attempts were made to deterinine causes of the inhibition or of the stimulation. There 
was no attempt to isolate and identify any compound, 

Of the three species of elms tested American elm is susceptible to Dutch elm disease 
while the Siberian elm andthe Christine Buismanelmare resistant. Although symptoms of the 
disease develop on the leaves of infected trees, the fungus grows only in the vessels ofthe 
stems and leaves, and it does not invade the mesophyll of living leaves, which was the source 
of most of the material extracted from the elms. 

Among species within a genus there were some differences in the potency of the inhibitory 
fractions. Extract from leaves of willow oak inhibited only weakly, whereas extract from pin 
oak produced marked inhibition, Extracts of the maples and pines inhibited moderately. 


1 Pathologists and Physiologist, respectively, Crops Research Division, Agricultural Research 
Service, United States Department of Agriculture, Beltsville, Maryland. 
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Table 1. Effects of residues of acetone extracts from leaves® of selected species of plants 
on growth of Ceratocystis ulmi in vitro. 


: : : Date :Average width (mm) 
:extracted: of inhibition 
Common name _ :;:Source : (1957) : zone 


Scientific name 


Acer platanoides 
Acer rubrum 

Acer saccharum 
Acer saccharum 


Albizzia julibrissin 
Betula papyrifera 


Chrysanthemum morifolium 


v. Mefo 
v. Donnafon Deluxe 


Diospyros virginiana 
Euphorbia pulcherrima. 
v. Ruth Ecke 
Juniperus virginiana 
Liquidambar styraciflua 
Magnolia stellata 


Pachycereus marginatus? 
Pinus caribaea 

Pinus virginiana 
Platanus occidentalis 
Prunus serotina 


Quercus coccinea 
Quercus palustris 
Quercus palustris 
Quercus phellos 
Quercus rubrum 


Rhus glabra 
Robinia pseudoacacia 


Rosa spp.: 
v. Confidence 
v. Paul's Scarlet 
v. Red Radiance 


v. Red Radiance (old leaves) 
v. Red Radiance (new leaves) 


Sassafras albidum 
Triticum vulgare 
v. Little Club 


Ulmus americana 
Ulmus carpinifolia 

v. Christine Buisman 
Ulmus pumila 


Norway maple 
Red maple 
Sugar maple 
Sugar maple 


Mimosa 
Paper birch 


Chrysanthemum 


Persimmon 


Poinsettia 
Red cedar 
Sweetgum 
Star magnolia 


Organ-pipe cactus 
Slash pine 
Virginia pine 
Sycamore 

Black cherry 


Scarlet oak 
Pin oak 
Pin oak 
Willow oak 
Red oak 


Smooth sumac 
Black locust 


Sassafras 
Wheat 
American elm 


Buisman elm 
Siberian elm 


Aug. 
Aug. 
Aug. 
Sept. 


Dec. 
Dec. 


Dec, 
Dec. 


Aug. 


Dec. 
Aug. 
Aug. 
Aug. 


Dec, 
Dec. 
‘Dec. 
Aug. 
Aug. 


Aug. 
Aug. 
Sept. 
Aug. 
Aug. 


Aug. 
Aug. 


@ Stem extraction only from Organ-pipe cactus, 


b Sources: f= field-grown plants; g= greenhouse-grown plants. 
© Separate extracts were made September 5 from ten individual trees. Of these, eight didnot inhibit. 
Rings of inhibition measuring 1 and 2 mm were present around the extracts from the other two trees. 


f 13 4¢ 
f 13 4 
f 13 2.5 
f 20 7 
g 3 7 
g 3 None 
‘ 
g 3 4 
f 28 22 
g 3 1 4 
f 28 
f 28 12 
f 28 None 
g 3 None 
g 10 None 
13 
f 28 9 
f 28 3 
f 13 7 
f 13 6.5 
20 10 
f 28 1 
f 28 7 
f 28 None 
Rose 
g Aug. 12 2 
zg Aug. 12 0.8 
f Aug. 12 2 
Oct. 14 11 
g Oct. 10 None 
f Sept. 16 None 
P| f June 17 None 
f June 17 None 
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FIGURE 1. Left, Ceratocystis ulmi failed to grow in 
the 5 to 6 mm wide, dark zone surrounding the concentrated 
acetone extract from pin oak leaves placed in the center of 
the agar culture. Right, extract of leaves of American elm did 
not inhibit growth of C, ulmi. 


Age of leaves had some effect on the potency of the extract, Extract from old leaves of 
Red Radiance rose inhibited weakly, but newly developed leaves inhibited strongly. Extract 
from leaves of pin oak collected in August inhibited less than extract from leaves collected 


in late September. 


CROPS RESEARCH DIVISION, AGRICULTURAL RESEARCH SERVICE, UNITED STATES 
DEPARTMENT OF AGRICULTURE, BELTSVILLE, MARYLAND 


401 
hibit. 
"ees. 


Vol. 42, No. 3--PLANT DISEASE REPORTER--Mar. 15, 1958 


PLANT DISEASES REPORTED IN NEW LOCATIONS 


TWO RUSTS PREVIOUSLY 
UNREPORTED FROM ARKANSAS By. J. L. Dale 


According to the Index of Plant Diseases in the United States compiled by Freeman Weiss 
and Muriel J. O'Brien, and issued by the Plant Disease Survey of the United States Depart- 
ment of Agriculture, and.to other literature, fig rust and the corn rust due to Puccinia poly- 
sora Underw. have not previously been reported as occurring in Arkansas. 
~~~ During the summer of 1957, fig (Ficus carica L.) leaves rather heavily infected with 
Physopella fici (Cast.) Arth. were collected from Ashley County in the southeastern section 
of Arkansas, and from White County in the north-central part of the State. 

During the same_ period field corn specimens infected with P. polysora were sent in by 
county agents from Poinsett County in northeastern Arkansas and from Crawford County in 
the northwestern corner of the State. Identification of the rust as P. polysora was made by 
Dr. George B. Cummins of Purdue University after the growing season, and determinations 
upon the severity and statewide prevalence of this rust were not made. However, from the 
location of the counties in which it was found, and from cursory observations on prevalence 
of rust on corn throughout the State, it is likely that P. polysora was rather widely distri- 
buted within the State. 

ARKANSAS AGRICULTURAL EXPERIMENT STATION, FAYETTEVILLE, ARKANSAS 


DUTCH ELM DISEASE IN KANSAS By S. M. Pady 


Dutch elm disease (Ceratocystis ulmi) was found in Kansas City, Kansas, on October 18, 
1957, from two trees in Wyandotte County, and one tree in Johnson County. The collections 
were made by Dr. Hugh Thompson, of the Entomology Department, Kansas State College, and 
Jim Brady and L. A. Calkins, of the Kansas Entomological Commission. The isolations and 
identification were made by Dr. C. T. Rogerson, of the Department of Botany and Plant Path- 
ology, Kansas State College. This is the first record of the disease in Kansas, although it has 
been reported (in 1952 and 1957) from just across the line in Kansas City, Missouri. 

DEPARTMENT OF BOTANY AND PLANT PATHOLOGY, KANSAS STATE COLLEGE, 
MANHATTAN, KANSAS 


CORRECTIONS 


REPORTER, January issue, page 10: The first paragraph, end of line 6 and beginning 
of line 7, should read, "on the unsprayed control plots". 


REPORTER, January issue: In the article by George W. Bruehl, pp. 32-35, reference 
number 6 omitted from the literature cited. It is -- 
6. WALTERS, H. J. 1954. Virus diseases of small 
grains in Wyoming. Plant Dis. Reptr. 38: 836-837. 
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TEMPERATURE 
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The terms used in the accompanying maps, which define the ranges of temperature and 
precipitation, are numerical class limits. These are based on a statistical analysis of past 
records through which is determined the normal frequency of occurrence of temperatures and 
precipitation at various times of the year for different locations. For temperature the classes 
above, below, and near normal are so defined that they each normally occur one-fourth of the 
time; much above and much below normal, one-eighth of the time. Precipitation is depicted 
in terms of light, moderate, and heavy, each class normally occurring one-third of the time 
and thereby having equal probability of occurrence. These maps graphically represent only 
the general trends and give the country's weather picture ataglance. For quantitative studies, 
where monthly mean temperatures and actual precipitation records are needed for a giventime 
and place, other publications of the Weather Bureau should be consulted. P. R. M. 
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